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ABSTRACT 
 
 
 The aim of the study was isolation and identification of bacteria 
associated with mastitis of cattle in Saudi Arabia and Sudan and 
determination the sensitivity of the isolated bacteria to different 
antibiotics. In Saudi Arabia before sample collection mastitis was 
diagnosed by California mastitis test and in Sudan mastitis was 
diagnosed clinically. 
 A total of 175 milk samples were collected from cows with 
mastitis in different farms in Haradh in Saudi Arabia. The samples 
were collected before treatment during the period between March 
2005 and June 2005. Also a total of 52 milk samples were collected 
before treatment from cows diagnosed as mastitic in different farms in 
Khartoum State, Sudan. The samples were collected during the period 
between August – October 2007. The samples were cultured on 
different media and incubated aerobically at 37oC and examined after 
24-48 hours of incubation. 
 The Gram-positive bacteria isolated from milk samples of 
masitic cows before treatment in Saudi Arabia were Staphylococcus 
aureus and Streptococci spp (Streptococus uberis, Streptococcus 
agalactiae and Streptococcus dysgalactiae). 
 The Gram-negative bacteria isolated in Saudi Arabia were 
Escherichia coli and Klebsiella pneumoniae. 
 The Gram-positive bacteria isolated from milk samples of 
mastitic cows before treatment in Khartoum State, Sudan were 
Staphylococcus spp. (Staphylococcus aureus, Staphylococcus 
 xii
epidermidis, Staphylococcus chromogenes, Staphylococcus hyicus, 
Staphylococcus capitis, Staphylococcus saprophticus and Staphylo-
coccus lentus), Bacillus spp. (Bacillus licheniformis and Bacillus 
marceran …). 
 The Gram-negative bacteria isolated from mastistic milk of 
cattle in Khartoum State, Sudan were E. coli, Klebsiella oxytoca, 
Proteus vulgaris, Corynebacterium vaginale and Actinobacillus 
legneresii. 
 In Sudan staphylococci and Klebsiella pneumoniae were most 
prevalent causative agents of mastitis. 
 In Saudi Arabia antibiotic sensitivity test were done for all 
isolated bacteria. The majority of isolates were sensitive to gentamicin 
(100%) and tetracycline (83.2%) but they were resistant to cefsulodin 
cfs (33.6%). 
 In Sudan antibiotic sensitivity test were done on all isolated 
bacteria. The majority of isolates were sensitive to gentamicin 
(93.1%) and ciprofloxacin (77.8%), but they were resistant to pencillin 
(100%) and clindamycin (85.3%). 
 Resistance to antibiotic drugs resistance was higher in Sudan 
than in Saudi Arabic. This might be due to wide and misuse of 
antibiotics for treatment bacterial infections in Sudan.   
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  ﻤﻠﺨﺹ ﺍﻷﻁﺭﻭﺤﺔ
  
ﺒﺔ ﻻﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ ﻓـﻲ ﺍﻟﻤﻤﻠﻜـﺔ  ﺍﻟﺒﺤﺙ ﻟﻌﺯل ﻭﺘﺼﻨﻴﻑ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﺴﺒ  ﻫﺫﺍ ﻫﺩﻑ  
ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﻭﺠﻤﻬﻭﺭﻴﺔ ﺍﻟﺴﻭﺩﺍﻥ ﻭﻤﻌﺭﻓﺔ ﺘﺄﺜﻴﺭ ﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﻟﻌﻼﺠﻬﺎ ﻭﻗﺒل ﺠﻤﻊ 
 ﺘﺸﺨﻴﺹ ﺤﺎﻻﺕ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ ﺒﻭﺍﺴﻁﺔ ﺍﺨﺘﺒـﺎﺭ  ﻓﻲ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ ﺍﻟﻌﻴﻨﺎﺕ ﺘﻡ 
  .ﻴﺎﹰﺍﻜﻠﻴﻨﻜﻭﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﺘﻡ ﺘﺸﺨﻴﺹ ﺤﺎﻻﺕ ﺍﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ . ﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉﻜﺎﻟﻴﻔﻭﺭﻨﻴﺎ ﻻ
ﺠﻤﻌﺕ ﻤﺎﺌﺔ ﻭﺨﻤﺱ ﻭﺴﺒﻌﻴﻥ ﻋﻴﻨﺔ ﻤﻥ ﺍﻟﻠﺒﻥ ﻤﻥ ﺤﻴﻭﺍﻨﺎﺕ ﻤﺼﺎﺒﺔ ﺒﺎﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ   
 ﻗﺒـل 6002 ﺇﻟـﻲ ﻴﻭﻨﻴـﻭ 6002ﻤﻥ ﻤﺯﺍﺭﻉ ﺤﺭﺽ ﺒﺎﻟﺴﻌﻭﺩﻴﺔ ﻓﻲ ﺍﻟﻔﺘﺭﺓ ﻤﺎ ﺒﻴﻥ ﻤﺎﺭﺱ 
ﺤﻴﻭﺍﻨﺎﺕ ﻤﺼﺎﺒﺔ ﺒﺎﻟﺘﻬـﺎﺏ ﻜﻤﺎ ﺠﻤﻌﺕ ﺃﺜﻨﻴﻥ ﻭﺨﻤﺴﻴﻥ ﻋﻴﻨﺔ ﻤﻥ ﺍﻟﻠﺒﻥ ﻤﻥ . ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻌﻼﺝ 
ﻤﻥ ﻤﻨﺎﻁﻕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻓﻲ ﺍﻟﻔﺘﺭﺓ ﻤـﺎ ﺒـﻴﻥ ﻭﻗﺒل ﺍﺴﺘﺨﺩﺍﻡ ﺍﻟﻌﻼﺝ ﺍﻟﻀﺭﻉ 
 ﻤﺨﺘﻠﻔـﺔ ﻭﺘـﻡ ﺃﻭﺴﺎﻁ ﻤﺯﺭﻋﻴﺔ  ﻋﻠﻰ ﻌﻴﻨﺎﺕﻭﻗﺩ ﺘﻡ ﺯﺭﺍﻋﺔ ﺍﻟ . ﻡ7002ﺍﻏﺴﻁﺱ ﺇﻟﻲ ﺍﻜﺘﻭﺒﺭ 
  . Co73ﺍﻟﺘﺤﺼﻴﻥ ﻋﻠﻰ ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ 
ﻴـﺔ ﺍﻟـﺴﻌﻭﺩﻴﺔ ﻫـﻲ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﺘﻲ ﻋﺯﻟـﺕ ﻭﺍﻟﻤﻭﺠﺒـﺔ ﺍﻟﺠﺭﺍﻡ  ﻓﻲ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒ   
 suerua succocolyhpatSﺍﻟﻤﻜﺭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﻭﺘﺸﻤل ﺍﻟﻤﻜﺭﺭﺍﺕ ﺍﻟﻌﻨﻘـﻭﺩﻴـﺔ ﺍﻟﺫﻫﺒﻴـﺔ 
 eaitcalaga succocotpertS ,sirebu sucocotpertS(  ﺴﺒﺤﻴﺔﺍﻟﻤﻜ ـﻭﺭﺍﺕ ﺍﻟ ـ
 ﺃﻤـﺎ ﺍﻟﺒﻜﺘﺭﻴـﺎ ﺍﻟﺘﻲ ﻋﺯﻟﺕ ﻭﺍﻟﺴـﺎﻟﺒﺔ ﺍﻟﺠﺭﺍﻡ ﻫـﻲ . )eaitcalagsyd succocotpertS
   .eainomuenp alleisbelKﻭ iloc aihicrehcsE
ﻫـﻲ ﺍﻟﻤﻜـﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴـﺔ ﺭﻴﺎ ﺍﻟﺘﻲ ﻋﺯﻟﺕ ﻭﺍﻟﻤﻭﺠﺒﺔ ﺍﻟﺠﺭﺍﻡ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥ ﺘﺍﻟﺒﻜ  
 )sidimredipe .S(ﻭﺘﺸﻤل ﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺫﻫﺒﻴـﺔ، ﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺒﺸﺭﻭﻴﺔ 
 ﻭﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴـﺔ ﺍﻟﺨﻨﺯﻴﺭﻴـﺔ  )senegomorhc .S(ﻭﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺼﺒﻐﻴﺔ 
 ﻭﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺭﻤﻴـﺔ  )sitipac .S(ﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔ ﺍﻟﺭﺃﺴﻴﺔ  ﻭﺍ)suciyh .S(
  .)sutnel .S(  ﻟﻴﻨﺘﺱﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﺔﻭ )sucithporpas .S(
ﺍﻟﺠـﺭﺍﻡ ﺍﻟﺘـﻲ ﺘـﻡ ﻋﺯﻟﻬـﺎ ﻤـﻥ ﺍﻻﺜﻨـﻴﻥ ﻭﺨﻤـﺴﻴﻥ             ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻻﺨﺭﻱ ﺍﻟﺴﺎﻟﺒﺔ   
ﺘﻜﺭﻴـﺎ ﺍﻟﻭﺘﺩﻴـﺔ  ﻭﺍﻟﺒ)iloc aihcirehcsE( ﺍﻟﻘﻭﻟﻭﻨﻴـﺔ ﺍﻟﺘﻲ ﺠﻤﻌﺕ ﻓﻲ ﺍﻟـﺴﻭﺩﺍﻥ ﻫـﻲ 
ﻭﺍﻟﻜﺒﺴﻴﻠﺔ  eainomuenp alleisbelK() ﺍﻟﻜﻠﺒﺴﻴﻠﺔ ﺍﻟﺭﺌﻭﻴﺔ ).pps muiretcabnyroC(
 ﻭﺍﻟﻌـﺼﻴﺎﺕ )siragluv suetorP( ﺍﻟﻤﺜﻘﺒﺔ ﺍﻟـﺸﺎﺌﻌﺔ acotyxo alleisbelK()ﺃﻭﻜﺴﻴﺘﺎ 
  .).pps sullicabonitcA(ﺍﻟﺸﻌﻴﺔ 
  
vix 
  
  -:ﻭﺍﻟﻌﺼﻭﻴﺎﺕ ﻭﺘﺸﻤل  
 sullicaB – snalugaoc sullicaB – sediocym sullicaB – suerec sullicaB
 .snarecram sullicaB – simrofinehcil
  ﻫـﻰ ﺍﻻﻜﺜـﺭ  iccocotpertS ﻭﺍﻟﺴﺒﺤﻴﺎ ﺕ iloc .E ﻭﻜﺎﻨﺕ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻘﻭﻟﻭﻨﻴﺔ   
  . ﻭﺠﻭﺩﺍ ﻭﺍﻟﻤﺼﺎﺤﺒﺔ ﻻﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ  ﻓﻰ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﻪ 
ﻻﻜﺜﺭ ﻭﺠـﻭﺩﺍ ﺍﻤﺎ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻜﺎﻨﺕ ﺍﻟﻤﻜﻭﺭﺍﺕ ﺍﻟﻌﻨﻘﻭﺩﻴﻪ ﻭﺍﻟﻜﺒﺴﻴﻠﻪ ﺍﻟﺭﺌﻭﻴﻪ ﻫﻰ ﺍ   
  .ﻭﺍﻟﻤﺼﺎﺤﺒﻪ ﻻﻟﺘﻬﺎﺏ ﺍﻟﻀﺭﻉ 
ﻭﻋﻨﺩ ﺩﺭﺍﺴﺔ ﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﻪ ﺍﻟﻔﺎﻋﻠﺔ ﻀﺩ ﻜل ﻨﻭﻉ ﻤﻥ ﺍﻨﻭﺍﻉ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺍﻟﻤﻌﺯﻭﻟﺔ   
 ﻫﺫﻩ ﺍﻟﺒﻜﺘﺭﻴﺎ ﻓﻰ  ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟـﺴﻌﻭﺩﻴﺔ ﺤـﺴﺎﺴﺔ ﻟﻌﻘـﺎﺭ ﺍﻟﺠﻨﺘﺎﻤﺎﻴـﺴﻴﻥ ﻜلﻭﺠﺩ ﺍﻥ 
ﺔ ﻭﻤﻘﺎﻭﻤ  ـ)8.08%(  ﻭﻨﻴﻭﻤﺎﻴـﺴﻴﻥ )2.38%( ﺘﺘﺭﺍﺴﻴﻜﻠﻴﻥ ﻤﻌﻅﻤﻬﺎ ﺤﺴﺎﺴﺔ ﻟﻭ%( 001)
  %(.2.78 )ﺴﻴﻔﻭﻟﻭﺩﻴﻥﻟﻌﻘﺎﺭ 
ﺍﻤﺎ ﻋﻨﺩ ﺩﺭﺍﺴﺔ ﺍﻟﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﺍﻟﻔﺎﻋﻠﺔ ﻀﺩ ﻜل ﻨـﻭﻉ ﻤـﻥ ﺍﻨـﻭﺍﻉ ﺍﻟﺒﻜﺘﺭﻴـﺎ   
( 1.39%)ﺍﻟﻤﻌﺯﻭﻟﺔ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﻭﺠﺩ ﺍﻥ ﻤﻌﻅﻡ ﻫﺫﻩ ﺍﻟﺒﻜﺘﺭﻴﺎ ﺤﺴﺎﺴﺔ ﻟﻌﻘﺎﺭ ﺍﻟﺠﻨﺘﺎﻤﺎﻴـﺴﻴﻥ 
( 3.58%)ﻜﻠﻴﻨﺩﻤﺎﻴـﺴﻴﻥ % 001ﺍﻟﻨﺒـﺴﻠﻴﻥ ﻭﻤﻘﺎﻭﻤﻪ ﻟﻌﻘـﺎﺭ ( 8.77%)ﻭﺴﺒﺭﻭﻓﻠﻭﻜﺴﻴﻥ 
 ﻓﺎﻋﻠﻴـﺔ ﺍﻜﺜـﺭ ( 4.79%)ﻜﻤﺎ ﻭﺠﺩ ﺍﻥ ﻋﻘﺎﺭ ﺍﻟﻜﻠﻭﺭﻭﻤﻔﻴﻨﻴﻜﻭل ( 4.28%)ﻭﺍﺭﻴﺜﺭﻭﻤﺎﻴﺴﻴﻥ 
  .ﻟﻠﺒﻜﺘﺭﻴﺎ ﺍﻟﺴﺎﻟﺒﺔ ﺍﻟﺠﺭﺍﻡ
ﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴـﺔ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻟ ﻥ ﺍﻟﻤﻘﺎﻭﻤﺔ ﻟﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﻓﻰ ﺍﻟﺴﻭﺩﺍﻥ ﺍﻋﻠﻰ ﻤ   
ﺭﺒﻤﺎ ﻴﻌﻭﺩ ﺫﻟﻙ ﺇﻟﻲ ﻜﺜـﺭﺓ ﺍﺴـﺘﻌﻤﺎل ﻭﺍﻻﺴـﺘﻌﻤﺎل ﺍﻟﺨﻁـﺄ . ﻓﻰ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻌﺭﺒﻴﺔ ﺍﻟﺴﻌﻭﺩﻴﺔ 
           .ﺝ ﺍﻷﻤﺭﺍﺽ ﺍﻟﻤﺴﺒﺒﺔ ﺒﺎﻟﺒﻜﺘﻴﺭﻴﺎ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥﻟﻠﻤﻀﺎﺩﺍﺕ ﺍﻟﺤﻴﻭﻴﺔ ﻓﻲ ﻋﻼ
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INTRODUCTION 
 
         Mastitis is inflammation of the mammary gland which is a 
response to an injury of the milk secreting epithelium. It is a complex   
disease with many aspects of cow management and disease resistance 
affecting its development and pathogenicity. It is caused by micro-
organisms usually bacteria, that invade the udder, multiply and 
produce toxins that are harmful to the mammary gland (Miltenburg   
et al., 1996). 
            The majority of bacterial mastitis cases are associated with 
inflammatory response to neutralize or destroy the irritant and prepare 
the way for repair of the tissue. Bacteria and their toxins are the most 
common causes of mastitis, the toxins are strong irritant to the 
secretory epithelium. It is useful to consider that three major factors 
are involved in this disease; the microorganism, the cow and the 
environment (Schroeder, 1997). 
     However, the most accurate method of mastitis diagnosis is 
milk culture to distinguish between types of bacterial infections and 
this will help to select the right treatment. 
       In Saudi Arabia mastitis is the most common serious infection in 
cows. Also in Sudan mastitis is the most common serious infection in 
old and adult cows (Farah, 1992). In the Sudan bovine mastitis was 
first reported in the fifties of the last century (Annual Report of the 
Sudan Veterinary Service, 1953). Bagadi (1970) investigated the 
etiology of bovine mastitis in Sudan and found that Staphylococcus 
aureus was the most causative agent of mastitis and was isolated from 
clinical and subclinical cases.    
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        In a comprehensive review on bovine mastitis, Farah (1992), 
reported that Staphylococcus aureus and other Gram positive cocci 
were the most important causes of mastitis. 
         Farah (1992) reported that Gram negative rods such as 
Escherichia coli, Klebsiella spp, Enterobacter spp, Pasterulla spp., 
and Proteus spp., were causes of mastitis. 
   The objectives of this study were to determine the type of 
bacteria that cause mastitis and to examine antibiotic sensitivity of the 
isolates hoping to treat bacterial mastitis in cattle by proper anti-
microbial drugs. 
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CHAPTER ONE 
LITRATUE REVIEW 
 
1.1 Mastitis:  
1.1.1 Definition:  
Mastitis is an inflammation of the mammary gland which is 
response to injury of the milk secreting epithelium. It is characterized 
by physical, chemical and usually bacteriological changes in the milk. 
It is caused by microorganism, usually bacteria that invade the udder, 
multiply and produce toxins that are harmful to mammary glands 
(Radostitis et al., 2000). 
1.1.2 Types of mastitis:         
Mastitis has two forms that known as clinical and subclinical 
mastitis. 
1.1.2.1 Clinical mastitis:  
This form of mastitis causes changes of both milk and 
mammary gland (Blood et al., 1989) and is usually classified 
according to severity into: 
1.1.2.1.1 Peracute:   
In this type there is severe inflammation with swelling, heat and 
pain of the quarter with a marked systemic reaction which may be 
fatal (Radostitis et al, 2000). 
1.1.2.1.2 Acute mastitis:  
There is severe inflammation without a marked systemic 
reaction (Blood et al., 1989). 
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1.1.2.1.3 Subacute mastitis:  
Subacute mastitis is often characterized by mild inflammation 
of the mammary glands and abnormality of the milk. 
1.1.2.2 Chronic subclinical mastitis:   
There is evidence of inflammation characterized by high 
somatic cells count (SCC) in the milk without any visible abnormality 
of the milk or udder (Erskine, 1992; Blood et al., 1989).               
1.1.3 Anatomy of the udder:   
         A basic knowledge of mammary gland anatomy and physiology 
is necessary to understand how mastitis develops. The interim of each 
quarter is composed of a teat and cistern, milk ducts and glandular 
tissue. The glandular tissue or secretary portion contains millions of 
microscopic sacs called alveoli (Fig. 1). Each alveolus is lined with 
milk producing epithelial cells and is surrounded by muscular cells 
that contract and squeeze milk from the alveolus during milking. 
Blood vessels bring nutrients to each alveolus where epithelial cells 
convert them into milk. Milk accumulates in the alveolar spaces, milk 
ducts and cisterns. The accumulated fluid is removed through the teat 
ducts (Schroeder, 1997). 
1.1.4 Udder infections:  
Invasion of the udder by microorganisms which live primarily 
in the lactating gland of the cow and on the teat skin can spread 
primarily from cow to cow by milking cluster of the hand of the 
milkers. These organisms are referred to contagious mastitis 
pathogens. There are large group of bacteria also present in the 
environment of cow. These bacteria are often the causes of serious 
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mastitis problems in diaries where contagious pathogen is well 
controlled and not the cause of new infections. The response to injury 
of the udder of animals is called inflammation mastitis which is the 
reaction of the milk secreting tissue to injury produced by physical 
force, chemicals introduce into glands, or most commonly from 
bacteria and their toxins (Hikman, 1964). 
There is only one way cow can get mastitis. The organism must 
invade the teat end. Some of the factors related to the establishment of 
an infection are the numbers of the organisms on the teat, the number 
of the leukocytes in the mammary gland and whether existing 
infection are present. The highest incidence of new infection rate is in 
early lactation and early dry period. High producing and fast milking 
cows are more susceptible to infection, therefore, older cows have 
more infections than younger cows. After the organisms multiply in 
the mammary gland inflammation may occur. Milking machine can be 
a source of organism also dirty machines, cracked lines, hoses and 
gaskets, dirty towels and disinfectant, poor milking sanitation and teat 
drying as well as failure to teat dip, all contribute heavily to spread of 
infection during milking. Udder injury response of the tissue is 
modified by secretion of specific area of udder affected. Organisms 
enter the udder through the teat canal; entry is aided by teat injury and 
erosion of teat canal (Scham, 1971). 
1.1.5 Common etiology agents:  
Bovine mastitis is caused by many different infectious agents 
mainly bacteria (Radostitis et al., 2000). 
Radostitis et al. (2000) stated that more than 140 microbial 
species, subspecies have been isolated from the mammary glands      
of  the   cow  but  relatively  small  numbers  are  responsible  for  the 
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Fig. (1): Structure of the mammary gland showing test and gland cistems, milk 
ducts, and glandular tissue (A). Glandular tissue is made up of many 
small microscopic sacs called alveoli that are lined by milk-producing 
epithelial cells (B). There are millions of alveoli within each gland. 
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most cases of clinical mastitis. They added that these pathogens have 
been further classified as causes of contagious or environmental 
mastitis. 
1.1.5.1 Contagious mastitis:  
Contagious mastitis is caused by bacteria which reside 
primarily in the mammary gland of the cow such as Staphylococcus 
aureus, Streptococcus agalactiae and Mycoplasma bovis. The usual 
source of the contagious pathogens is the infected glands of other 
cows in the herd and the hands of the milkers. Cow acts as source of 
Staphylococcus aureus (Radostitis et al., 2000). 
1.1.5.2 Environmental mastitis:  
Environmental mastitis is caused by two groups of pathogens, 
the coliforms and Streptococcus species which are present in the 
environment. Escherichia coli, Streptococcus dysgalctiae and 
Streptococcus uberis are the organisms most frequently isolated from 
the environmental cases of mastitis. Transmission from the environ-
ment to the cow is due inadequate management such as use of wet 
bedding, dirty lots, milking wet udders inadequate pre-milking udder 
care and poor housing systems. Because environmental pathogens can 
survive and multiply in organic bedding materials, poor housing, 
conditions can influence teat contamination rates (Radostitis et al., 
2000). 
1.1.5.3 Economic losses:   
Mastitis is known as a disease that causes heavy economic 
losses to milk producers and to the dairy industry. The majority of 
milk producers are unable to assess the damage caused by this disease. 
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Mastitis causes a reduction in production, excessive use of 
medications, increased risk of drug residues in the milk/meat and, 
consequently the possibility of hazard to public health. Additional 
losses to the producer result from confiscation of suspected milk 
followed by imposition of heavy penalties. Loss of money caused 
mastitis may be due to cost of veterinary services, cost of drugs, 
increased labor, increased replacement costs of cows (Blosser, 1979). 
1.1.6 Clinical manifestation:              
Mastitis is classified as acute, diffuse mastitis and gradual onset 
chronic mastitis. Acute mastitis, is nearly always caused by bacteria 
which may be staphylococcus or coliform or later in lactation is due to 
streptococcus or pseudomonas. In acute systemic mastitis the cow 
becomes sick, develops fever, rapid pulse rate, depression, goes off 
food, the whole quarter swells ,and secretion becomes extremely 
abnormal. Gradual onset, progressive to severe is typical of Coryen-
bacterium pyogenes. Slow onset, may occur during the dry period and 
progresses to severe state before being discovered; mild effect on 
quality of milk at first, but progresses to putrid and pus. Acute or 
chronic pseudomonas mastitis may be acute or recurrent and mild. In 
chronic mastitis, milk ducts thickened, scar tissue formed, pockets of 
abscesses, blocked ducts, and periodic escape of organisms lead to 
flare-ups. Extensive fibrosis usually ensues and replaces alveolar 
tissue. Severe mastitis caused by mycoplasma, showed marked 
alteration of milk; all four quarters are frequently invaded and is 
characterized by rapidly spreading outbreak, and may virtually stop 
milk secretion (Radostitis et al., 2000). 
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Table 1.1: Microorganisms that cause bovine mastitis 
 
 Name or type of microorganism Habitat or source
*    Prevalence of 
Infections in cows 
Strept. agalactiae Parasite of bovine udder 
 
Strept. dysglactiae  
Strept. uberis Infected udders: bran environ-
ment, oral cavity  
affects of cows 
Enterococci  
Other Strept.  
Coccus 
Group of 
Bacteria 
Staphyl. auerus Infected udders; skin of teat 
and udders, human hands and 
droplets  
Most prevalent type of 
infection in majority of 
dairy herds 
Coliforms  
Escherichia coli 
Enterobacter spp. 
Citrobacter species 
Cow feces and polluted water 
Klebsiella pneumoniae Also soil, bedding & sawdust 
Bacillus cereus 
Nocardia asteroids Soil and dust 
P. aerougnosa 
Serratia marcescens 
Proteus spp. 
Soil and water 
Sporadic infections 
and occasional herd 
problems 
Clostridium perfringes 
Listeria monocytogenes 
C. pyogenes 
Soil, feces; also wounds and 
silage 
Uncommon in most 
herds 
Leptospira serotypes  
Mycoplasma species 
Infected animals; oral and 
respiratory tracts of cattle; 
contaminated soil and water 
 
Bacilli Group 
and other 
Bacteria 
 
Pasteruella multocida   
C. neoformans Soil, bird feces 
Candida spp. Mucous membranes, intestinal 
tract 
Fungus or 
yeast group 
Others Bran environment 
Uncommon 
*The majority of the above organisms may be spread from infected quarters to disease-
free quarters by contaminated milk machine cups or hands of milkers (Radostitis, 2000). 
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1.1.6.1 Staphylococcus aureus:  
       Staphylococcus aureus is a Gram positive coccus. Staphylococcus 
aureus is a major agent of bovine mastitis in diary cattle. In low 
somatic cells count (SCC) herd, the prevalence of infections in cows 
ranges from 1 to 10%. In other herds, especially those with high 
somatic cells count (SCC), up to 50 % of cows may be infected with 
Staphylococcus aureus with quarter infections rates ranging from 10 
to 25%. The prevalence of intrammary infections and subclinical 
infections due to Staphylococcus aureus increase opportunity of 
infections with time and increase with parity of the cow. This is 
probably due to the increased opportunity of infections with time, 
especially in a herd without mastitis program (Torgerson, 1992). The 
infections rate of Staphylococcus aureus is dependent on the ability of 
the immune system to recognize and to eliminate the bacteria. 
      Staphylococcus antibodies are present in the blood of infected 
cows but they appear to afford little protection against mastitis due to 
low titer of the antibodies in the milk. Antibodies titers in the serum 
rise with age and after attack of mastitis (Roberson, 1994).  
1.1.6.1.1 Pathogens risk factors: 
 Staphylococcus aureus has several virulence factors which 
account for its pathogenicity and persistence in mammary tissue. In 
spite of adequate defense mechanisms and antimicrobial therapy it has 
the ability to colonize the epithelium of the teat and the teat canals. 
Some strains of Staphylococcus aureus are capable of invading bovine 
mammary epithelium cells in cultures and the invasion process 
requires eukaryotic nucleic acid and protein synthesis as well as 
bacterial synthesis (Almeida, 1997). Some strains of Staphylococcus 
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aureus may cause phagocytic dysfunction. The beta toxin damages 
bovine mammary secretory epithelial cells increase the damaging 
effects of alpha toxin, increases the adherence of Staphylococcus 
aureus to mammary epithelial cells and increase the proliferation of 
the organism (Cifrain et al., 1996). All strains produce coagulases 
which assist to converts fibrinogen into fibrin; this appears to assist 
the invasion of tissue. Leukocidin produced by Staphylococcus aureus 
may inactivate neutrophils. Coagulase genotyping is being used to 
subdivide strains of the organism (Aaerstrup, 1995). 
1.6.2 Streptococcus agalactiae:  
           Major cause of mastitis before the era of antimicrobial drugs 
and still is significant cause of chronic mastitis where control 
procedure for contagious mastitis is not used .Individual repeated 
episode of subacute and acute mastitis are most common. 
Streptococcus agalaciae is highly contagious obligate parasite of 
bovine mammary gland. Sores on teat are the commonest signs of the 
pathogen followed by invasion of the udder tissue. There is 
considerable variation between cows in the developments which occur 
at each of stages. The reasons for this variation are not clear but 
resistance appears to depend largely on the integrity of the lining of 
the teat cistern. The development of mastitis caused by Streptococcus 
agalactiae is essentially a process of invasion and inflammation of 
lobules of mammary tissue in series of crises particularly during the 
first month after infections, each crises developing in the same general 
pattern. Initially there is a rapid multiplication of the organism in the 
lactiferous ducts followed by passage of the bacteria through the duct 
walls into lymphatic vessels and into supramammary lymph nodes and 
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an out pouring of neutrophils into the milk ducts. At this stage of 
invasion, short lived systemic reaction occur and milk yield falls 
sharply due to inhibition and stasis of secretion caused by damages 
acinar and ductal epithelium. Fibrosis of interalveolar tissue and 
involution of acini cause loss of secretory function due to fibrosis 
(Lacy-Hulbert, 1995). Hormonal changes and hypersensitivity of 
mammary tissue due to streptococcal protein have both been advances 
as possible cause of latter. Treating an infections at all stages of 
lactation have 90 – 100 cure with penicillin, erythromycin, cloxacillin, 
and cephalosporin. 
Gentamycin, nitrofurazon and polymixin B have poor activity. 
Treatment of Streptococcus agalaciae with intrammary infusion will 
result in high percentage of infections (Erskin, 1996). 
1.1.6.3 Environment streptococci: 
Streptococcus uberis, Streptococcus dysaglactiae and Entero-
coccus spps. are Gram positive. Streptococcus uberis has been the 
most common species of environmental streptococcus associated   
with bovine mastitis, followed by Streptococcus dysaglactiae. Both 
pathogens are wide spread in the animals environment and on the skin 
of the teat. Enterococcus spp, are also a common cause of 
environmental intramammary infections. Streptococcus species are 
most commonly isolated from intrammary infections. Streptococcus 
uberis is now common cause of intramammary infection occurring 
during the dry period with most clinical cases occurring during the 
first part of lactation (Williams and Collins, 1990).  
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1.1.6.3.1 Pathogencity: 
Several virulence factors of Streptococcus uberis and 
Streptococcus dysaglactiae have been identified which are important 
in the pathogensis of environmental mastitis. Antiphagocytic factors 
allow Streptococcus uberis to infect and multiply in the gland and to 
adhere to and invade the mammary tissue. The ability of  
Streptococcus uberis to invade bovine mammary epithelial cell could 
result in chronic infections and protection from host defense 
mechanisms and the action of most antimicrobial drugs. Streptococcus 
dysaglactiae behaves like both contagious and environmental 
pathogen and can invade bovine mammary epithelial cells which may 
explain persistence of infection (Almeida et al., 1995). Infection with 
Streptococcus uberis causes acute inflammation resulting in 
accumulation of large numbers of neutrophils in secretory acini in 24 
hours (Thomas et al., 1994). After 6 days the neutrophil response is 
still evident but there is cellular infiltration, septal edema, extensive 
vaculation of secretory cells, focal necrosis of alveoli and small out 
growths of the secretory and ductular epithelium (Sharp, 1995). 
Streptococcus uberis and Streptococcus dysaglactiae are sensitive to 
penicillin, novobiocin, ampicillin and cephalothin. A high percentage 
(96%) are also sensitive to tetracycline but sensitivity to amino- 
glycosides is much lower. Streptococcus uberis and  Streptococcus 
dysaglactiae respond well to intrammary infusion of pencillin and, 
tetracycline, cephalosporins and cloxacillin. Failure of treatment may 
be due to epithelial cell invasion and movement of the bacteria into 
epithelial layers (Guterbock et al., 1993). 
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1.1.6.4 Coliform mastitis:  
         Escherichia coli and Klebsiella spp. and Enterobacter aerogenes  
are Gram negative bacteria they are responsible for coliform mastitis. 
E. coli isolated from the milk of cows with acute mastitis can not be 
distinguished as specific pathogenic group on the basis of biochemical 
and serological test reactions. The incidence of anti-microbial 
resistance is also low because they are opportunists originating from 
the alimentary tract, from which antimicrobial resistant E. coli are 
rarely found in adult. Outbreak of coliform mastitis may occur during 
wet heavy rainfall seasons (Miltenburg et al., 1996). The incidence of 
coliform mastitis is high early in lactation and decrease progressively 
as lactation advances (Smith and Hogan, 1993). Coliform mastitis is 
one of the most common causes of fatal mastitis in cattle. The case 
fatality rate from peracute coliform mastitis is commonly high and 
may reach 80% inspite of intensive therapy. Outbreak of the disease 
can occur with up to 25% of recently calved cows affected within a 
few weeks (Erskine, 1991). 
 1.1.6.4.1 Pathogenic factors:  
The isolates which cause coliform mastitis possess lipo-
polysacchrides or endotoxins which form part of the outer layer of the 
cell wall of all Gram-negative bacteria (Nemeth et al., 1994). 
  Coliform bacteria isolated from the milk of the cows or from 
their environment have different degree of susceptibility to the 
bactericidal action of bovine sera with almost all of the isolates which 
cause severe mastitis being serum resistant (Jones, 1990). Serum 
sensitive organisms are unable to multiply in normal glands due to the 
activity of bactericidins reaching milk from the blood. Other 
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observations indicate that serum-resistant coliforms have no selected 
advantage over serum-suceptible coliforms in naturally occurring 
intramammary infections. There are also somatic and capsular factors 
of coliforms which affect bacterial resistance activity. Strains of 
Klebsiella which cause mastitis are also resistant to bovine serum. The 
fibronection which cause binding property of E. coli from bovine 
mastitis may be an important virulence factor which allows the 
organism to adhere to the ductular epithelium (Jones et al., 1990). 
1.6.1.4.2 Environmental risk:  
The coliform bacteria are opportunists and contamination of the 
skin of the udder and teats occurs primarily between milkings when 
cow is in contact with contaminated bedding. Feces are common 
sources of E. coli and can contaminate the perineum and the udder 
through the bedding (Jones, 1990). 
 1.6.1.4.3 Animal risk factors:  
The factors which influence the susceptibility of cows to 
coliform mastitis include the somatic cell count of the milk, the stage 
of lactation and the physiological characteristics and defense 
mechanism of the udder, teat characteristics, and the ability of the cow 
to counteract the effects of the endotoxins elaborated by the organisms 
(Radostitis, 2000). An adequate of dietary level of selenium enhances 
the resistance of the bovine mammary gland to infectious agents. E. 
coli infections are significantly more severe in cows whose diets have 
been deficient in selenium than cows whose diets were supplemented 
with selenium. Vitamin E is especially important to mammary gland 
health during the peripartum period. Plasma concentrations of α-
tocopherol begin to decline before parturition and then start increasing 
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(Weiss et al., 1997). When plasma concentration are maintained 
during the peripartum period by injections of α-tocopherol the killing 
ability of blood neutrophils is improved (Hogan et al., 1992). Other 
defense factors include lactoferrin and citrate, the failure of lactoferrin 
within mammary secretions to prevent new infection and mastitis near 
and after parturition may be due to decrease in lactoferrin before 
parturition. Lactoferrin normally binds the iron needed by iron-
dependent organisms; these multiply excessively in the absence of 
lactoferrin. Also, citrate concentrations increase in mammary 
secretion at parturition and may interfere with iron-binding by 
lactoferrin (Radostitis et al., 2000). The serum Ig GI ELISA titers 
recognizing Gram-negative core antigens and E. coli (J5) in cattle are 
associated with a risk of clinical coliform mastitis. Titer < 1:240 were 
associated with 5.3 times the risk of clinical coliform mastitis. There 
is a titer-independent age, related increase in coliform mastitis. Active 
immunization of cattle with an R-mutant E. coli (J5) vaccine resulted 
in remarkable decrease in the incidence of clinical coliform mastitis 
(Tyler et al., 1993). After invasion and infections of mammary gland, 
E. coli proliferates in large numbers and elaborates a potent endotoxin 
which causes a change in vascular permeability, resulting in edema 
and acute swelling of the gland and a marked increase in the number 
of neutrophils in the milk (Jones, 1990). The neutrophils may increase 
40-250 times and strongly inhibit the survival of E. coli (Jones, 1990). 
The severity of the disease is influenced by the degree of the pre-
existing leukocytosis in the milk and the number of neutrophils which 
invade the affected gland to control the growth of the organism. 
The final outcome is highly dependent on the degree of 
neutrophil response, if unrestricted, the high levels of toxin produced 
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could cause severe destruction of udder tissue and general toxemia  
(Jones, 1990). The number of bacteria in the milk also influence the 
outcome. If the bacteria numbers exceed 106/ml the ability of the 
neutrophil to phagocytosis is impaired, if the bacteria count is less 
than 103/ml, the organism will be rapidly eliminated and the prognosis 
will be favorable (Hill, 1991). Milk concentration of bovine serum 
albumin are increased from baseline levels to peak levels within 2 
hours, indicating increased vascular permeability induced by 
inflammatory mediators. The infusion of endotoxin into the teat 
cistern induces a rapid local inflammatory response of short duration 
with an influx of neutrophils into the teat cistern (Persson and 
Sandgren, 1992). The hemostatic mechanism is activated either 
directly by endotoxin or by inflammatory mediators. Severe life 
threatening hemostatic alterations such as disseminated intravascular 
coagulation do not occur (Welles et al., 1993). The treatment of 
coliform mastitis in cattle is controversial. Histroically, the treatment 
of coliform mastitis was based on the principles of treating a bacterial 
infection with varying degrees of inflammation. A combination of 
broad spectrum antimicrobial agents administered parenterally and 
intramammary infusion, fluid and electrolyte therapy, frequent 
stripping out of the affected glands with aid of oxytocin and anti-
inflammatory drugs has been used widely with varying degrees of 
success based on empirical and anecdotal experience (Hogan et al., 
1995). 
1.1.6.5 Pseudomonas aeruginosa: 
    Mastitis in cattle caused by Pseudomonas aerugnosa is rare 
and occurs usually as sporadic cases after intramammary infusion with 
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contaminated material. Pseudomonas spp. are common in the 
environment of cattle, the infection usually originates in contaminated 
water used for washing udders (Erskine et al., 1987). Rarely strains of 
this organism are highly virulent and cause fatal mastitis with 
generalized lesions (Kirk and Bartlet, 1984). 
1.1.6.6 Arcanobacter pyogenes: 
Arcanobacter pyogenes is found in two forms of mastitis, 
sporadic cases of suppurative mastitis, mostly in housed cattle, 
referred to as pyogenes mastitis, and clinically similar disease which 
occurs in outbreaks in cattle during the summer months, referred to as 
summer mastitis (Madsen et al., 1992). The incidence is much higher 
in wet summers and heavily wooded and low lying farms when the fly 
population is high. 
1.1.6.7 Pasteurella spp.: 
Mastitis caused by Pasteurella spp. in cattle is due to infection 
by Pasteurella haemolytica (Kiper and Paulsen, 1988) and Pasteruella 
multicida are the causative organisms. Pasteurella haemolytica has 
also been isolated from many cases of summer mastitis in the UK 
(Roberts, (1990). In cattle, the disease is encountered as rarely and 
usually sporadically, but it may be a problem in individual herds 
particularly where calves are reared by nurse cows. 
1.1.6.8 Mycobacterium spp.:  
         Tuberculosis mastitis is characterized clinically by tremendous 
hypertrophy of the quarter and systemic reaction, other myco-
bacterium, especially Mycobacterium lacticola have been isolated 
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from cases of mastitis in cattle which occur after the intramammary 
infusion of therapeutic agents in oils (Richards et al., 1980). 
1.1.6.9 Bacillus cereus: 
        Bacillus spp. are Gram negative and saprophytic organisms and 
are only chance mastitis, pathogens. They have been known to cause 
an acute hemorrhagic mastitis in cattle. Bacillus cereus is often 
associated with contamination associated with teat injury. 
1.1.6.10 Clostridium perfringes: 
C. perfringes causes a rare form of mastitis (Johnston, 1986) 
characterized by high fever, swelling and superficial hyperemia of the 
affected quarter followed later by gangrene enlargement of 
suprammary lymph nodes and a thin secretion containing gas and 
subcutaneous emphysema. Early treatment with a broad spectrum 
antibiotic can be successful (Schoonewoerd et al., 1990). 
1.1.6.11 Listeria monocytogenes: 
  Listeria monocytogenes is being recorded more commonly as a 
cause of bovine mastitis  because of the zoonotic  importance of the 
organism in dairy product. Most cases are subclinical and abnormal 
milk is rare. The somatic cell count is greater than 107/cell ml milk 
(Poury and Poutrel, 1996). 
1.1.6.12 Mycoplasma spp.:  
  Hodges et al. (1983) reported isolation of Mycoplasma spp. 
from clinical cases of mastitis. Mackie et al. (1986) mentioned that 
cows of all ages and at any stage of lactation are affected. Cow which 
have recently calved shows the most severe signs, and dry cows the 
least. Also he recorded several outbreaks in dairy herds in dry cows.  
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1.1.6.13 Haemophilus somnus:  
Haemophilus somnus causes mild, chronic mastitis, an acute 
form with high fever and blood-stained milk, and a gangrenous form 
(Hazeltt et al., 1990; Hazlett et al., 1983; Armstrong et al., 1986). 
1.1.6.14 Fungi and yeasts:  
         Trichosporn spp. can cause mastitis in cattle and is manifested 
clinically by swelling of the gland and clots in the milk. The infection 
is low and the fungi disappear spontaneously (Pal and Mehrota, 1983). 
Cryptococcus neoformans the yeast which causes human crypto-
coccosis may cause acute mastitis in cattle and buffaloes (Rahman, 
1983). Many other yeasts and fungi including Candida spp., 
Saccharomyces spp., Pichia spp., Torulopsis spp. and Aspergillus 
fumigatus also cause mastitis in cattle. None of these infections 
response to antimicrobial therapy but treatment with iodide either 
sodium iodide intravenously, or organic iodide in oil may be effective 
(Van Damme, 1983). 
1.1.6.15 Virus:  
         Some viruses may also cause mastitis in cattle but they are of 
little important. 
1.1.7 Possible role of certain factors in mastitis: 
          Risk factors which influences the prevalence of infection and 
the incidence of clinical mastitis, depend on the animal, the 
environment and management risk practicing. 
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 1.1.7.1 Age and parity:  
       The prevalence of infected quarters increase with age, peaking at 
7 years. Some studies found intramammary infections in 97% of 
heifers and 74% of quarters (Nickerson et al., 1995). 
1.1.7.2 Stage of lactation:  
         Most new infections occur during the early part of the dry period 
and in the first 2 months of lactation .In heifers the prevalence of 
infections is often high in the last trimester and several days before 
parturition followed by marked decline after parturition (Aarestrup, 
1997). 
1.1.7.3 Somatic cell count (SCC):  
The highest average rate of clinical mastitis due to 
environmental bacteria may occur in herds with the lowest bulk milk 
SCC (< 150000 cells/ml) and low prevalence of subclinical infection 
(Erskine et al., 1988). 
1.1.7.4 Breed:  
           Generally the incidence of mastitis is greater in Holstein 
Friesians than in jerseys, but this may reflect differences in 
management rather than true genetic difference (Radostitis et al., 
2000). 
1.1.7.5 Milking characteristic and morphology of udder teat:  
           High milking rate and large teat canal diameter have been 
associated with increased risk of intramammary infection (Slettbakk  
et al., 1995). 
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1.1.7.6 Nutritional status:  
Vitamin E and A and selenium may be involved in resistance to 
certain types of mastitis (Erskine, 1993). Early reports found that 
supplementation with antioxidant such as selenium and vitamins A 
and E had a beneficial effect on udder health in dairy cattle. An 
increase in selenium concentration in whole blood was associated with 
a decrease in all infection including Staphylococcus aureus, 
Arcanobacter, and Corynebacterium spp. (Jukola et al., 1996). 
1.1.7.7 Genetic factors:  
             There are limited numbers of studies on the influence of 
heredity on resistance or susceptibility to mastitis in either cow or 
sheep. Genes are known to influence the shape and structure of the 
teat (Hikman, 1964). Mastitis histories of two cow families in 
different geographical locations revealed significant different which 
led to the conclusion that heredity played part in the infection rate 
(Randel and Sunberg, 1962). 
1.1.7.8   Environmental factors:  
1.1.7.8.1 Quality of housing:  
   Factors such as climate, housing system, type of bedding and 
rainfall interact to influence the degree of exposure of teat ends to 
mastitis pathogens. The quality and management of housing for dairy 
cattle has a major influence on types of mastitis pathogens which can 
infect the mammary gland and the degree of infection pressure. The 
major sources of environmental pathogens are the cow's environment 
including bedding, soil, feedstuffs and water supplies. Fresh bedding 
can be source of contamination even before it is used (Bartlett            
et al., 1992). 
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1.1.7.8.2 Milking practice:  
             The failure to employ established and reliable methods of 
mastitis control is an important risk factor. This is a major subject 
which include efficiency of milking personnel, milking machines, 
high milking speed and especially hygiene in the milking parlor. Wet 
teats and udders are a risk factor for increased SCC specially in the 
presence of teat impact from liner slippage (Partlett et al., 1992). 
1.1.7.8.3 Season of year:  
         Geographical and climatic conditions play an important role for 
mastitis. In tropical and subtropical areas the incidence may be higher 
during winter or spring. In temperate climates the incidence of 
mastitis is higher in autumn and winter when calving occurs along 
with an extended period of housing (Lescurret et al., 1995). 
1.1.7.9 Pathogen factor:  
1.1.7.9.1 Viability of pathogen: 
The ability of pathogen to survive in cow's immediate 
environment that is, its resistance to environmental influences 
including cleaning and disinfection procedures is the characteristic of 
each pathogen. The causes of contagious mastitis are more susceptible 
to disinfection than the causes of environmental mastitis (Blood et al., 
1989). 
1.1.7.9.2 Virulence factors: 
           There is a wide variety of virulence factors among the mastitis 
pathogens. The ability of the pathogen to colonize the teat duct then to 
adhere to mammary epithelium and to initiate mastitis is major 
characteristic of the major bacterial causes of mastitis (Lipman et al., 
1995). E. coli isolates which cause mastitis, produce lipo-
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polysaccharides endotoxin which cause inflammatory and systemic 
changes during acute coliform mastitis. Staphylococcus aureus 
isolated from intramammary infections produces many potential 
virulence factors including enterotoxins, coagulases and alpha, beta, 
delta toxins, haemolysin, hyaluronidase and leukocidins which are 
considered to be involved in the varying degrees of inflammation 
characteristic of staphococcal mastitis. Virulence factors of 
Staphylococcus uberis include hyaluronidase and the hyaluronic 
capsule (Radostitis, 2000). 
1.1.7.10 Treatment:  
     For years all forms of both clinical and subclinical mastitis were 
treated with a wide variety of antimicrobial drugs either by 
intrammary infusions, parenterally or commonly both in acute and 
peracute cases. Most cases of mastitis are caused by bacteria 
pathogens and traditionally it was deemed necessary to treat infection 
with anti-microbial drugs (Kirk et al., 1994). 
       In 1970, dairy processing plants, veterinarians, consumers, 
advocates, public health authorities and milk quality regulating 
agencies began to express concern about antimicrobial residues in 
milk from cows treated for mastitis (Kirk et al., 1994). 
       In 1990, much emphasis has been placed on alterative methods 
of treating clinical mastitis. As a result there is a shift in the paradigm 
of how clinical mastitis should be treated from the liberal use of 
antimicrobial drugs to a de-emphasis of their use and reliance on 
effective stripping out of affected glands and provision of supportive 
therapy such as fluid and electrolyte therapy as necessary. In 1990, the 
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major change has been the reduction in the use of antimicrobials drugs 
during the lactating period (Kirk et al., 1994). 
Most cases of mild clinical mastitis in lactating cows are due to 
environmental streptococci and coliforms which do not require anti-
microbial therapy as they recover by merely stripping the affected 
quarters. There is no evidence that either parenteral or intrammary 
antimicrobials drugs are indicated for the treatment of all cases  of 
coliforms mastitis as supportive fluid and electrolyte therapy is most 
important along with regular stripping of the infected glands. 
Ineffective of antimicrobial drugs treatment was noticed in mastitis 
caused by Mycoplasma spp., Arcanobacter pyogense, Nocardia spp. 
and Pseudomonas spp. (Guterbock, 1994). 
       Treating all cows with antimicrobial drugs results in increased 
costs in cows with clinical mastitis caused by pathogens not 
susceptible to the antimicrobial drugs. Treating none of the cows with 
an antimicrobial may have animal welfare implications and may allow 
Gram-positive pathogens to persist. Treating only one specific cow 
with an antimicrobial drug requires an accurate method for 
determining which animal should be treated. Parenteral antimicrobial 
therapy should be considered in all cases of mastitis of high marked 
systemic reaction (Morin et al., 1998). 
Intramammary antimicrobial therapy with udder infusions is in 
common use for the treatment of certain cases of mastitis in lactating 
cows and for dry cow therapy. For lactating cows the preferred 
treatment is the one which maintain a minimum inhibitory concentra-
tion (MIC) for the pathogens. The formulation of the preparation will 
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affect the duration of the maintenance of the MIC (Radostitis et al., 
2000). 
1.1.7.11 Antimicrobial activity: 
          An ideal antimicrobial agent exhibits selective toxicity; this 
term implies that a drug is harmful to parasite without being harmful 
to the host (Geo et al., 1995). Selective toxicity may be a function of 
specific receptor required for attachment, or it may depend on the 
inhibition of biochemical events essential to the parasite but not the 
host. 
1.1.7.12 Antimicrobial resistance: 
Many organisms to survive have to produce mutants that are 
resistant to most drugs that they would ordinary be susceptible to in 
the wild state (Carter, 1986). Most of antimicrobial resistance, which 
is now making it difficult to treat some infectious disease is due to 
extensive use and misuse of antimicrobial drugs which have favored 
emergence and survival of resistant strains of microorganisms 
(Monica, 2000). 
         The development of resistance by Staphylococcus aureus in 
response to penicillin and tetracycline is usually slow, occurring in 
small steps over a considerable period of time and exposure (Carter, 
1986). All beta-hemolytic group streptococci are sensitive to  
penicillin G, most are sensitive to erythromycin, and some are 
resistant to tetracycline (Geo et al., 1995). The sulfonamides, 
ampicillin, cephalosporin, chloramphenicol, tetracycline, and amino-
glycosides, have marked antimicrobial effects against Gram-negative 
or Gram-positive bacteria (Carter, 1986). The common response to 
concern about antibiotic resistance is the introduction of new and 
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effective drugs against resistant bacteria. However this may not be the 
most reliable and effective technique to combat the constant genetic 
change that occurs among microbial pathogens. A more appropriate 
response may be to alter habitat of patterns and focus on techniques 
for prevention of infection and antibiotic drug resistance (Jerome, and 
Klein, 1998). 
1.1.7.13 Antimicrobial sensitivity: 
Antimicrobial agents include naturally occurring antibiotics, 
synthetic derivative of naturally occurring antibiotics and chemical 
antibiotics antimicrobial compounds. The term antibiotics is used to 
describe antimicrobial agents that are produced by microorganisms 
and inhibit the growth of other microorganisms. Antibiotic can be 
used to treat bacterial and fungal infection (Monica, 2000). Antibiotic 
sensitivity test are applied to determine the susceptibility of the 
pathogenic bacteria to antibiotics to be used in treatment (Satish, 
1995). The most common, method is the disc diffusion method 
(Satish, 1995). Growth inhibition zone shows the degree of sensitivity 
of the particular bacteria for the antibiotic (Satish, 1995). In treatment 
and control of infectious disease, especially when caused by 
pathogens that are often drug resistant, sensitivity testing is used to 
select the effective antimicrobial drug (Monica, 2000). 
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CHATPER TWO 
MATERIALS AND METHODS 
 
2.1 Sterilization: 
a. Flaming: 
 It was used to sterilize glass slides, cover slips, scalapel blades 
and needles. 
b. Red heat: 
 It was used to sterilize loop wire, points and searing spatulas by 
holding them over Bunsen burner flame until became red-hot. 
c. Hot air oven: 
 It was used to sterilize glassware such as test tubes, graduated 
pipettes, flasks, forceps and cotton swabs. The holding period was one 
hour and oven temperature was 160oC. 
d. Steaming at 100oC: 
 Repeated steaming (Tyndallization) was used for sterilization of 
sugars and media that could not be autoclaved without deteriment 
effect to their constituents. It was carried out as described by 
Cruckshank et al. (1975).  
e. Moist heat (autoclave): 
 Autoclaving at 121oC (15 lb/inch2) for 15 minutes was used   
for sterilization of media and plastic wares. Autoclaving at 115oC    
(10 lb/inch2) for 10 minutes was used for sterilization of some media. 
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2.2 Reagents and indicators: 
2.2.1 Reagents: 
2.2.1.1 Alpha-naphthol solution: 
 Alpha-naphthol is product of British Drug House, London 
(BDH). This reagent was prepared as 5% aqueous solution for Voges-
Proskauer (VP) test. 
2.2.1.2 Potassium hydroxide: 
 It was used for Voges-Proskauer test and was prepared 
according to Barrow and Feltham (1993) as 40% aqueous solution. 
2.2.1.3 Hydrogen peroxide: 
 This reagent was obtained from Agropharm Limited, 
Buckingham. It was prepared as 3% aqueous solution and it was used 
for catalase test. 
2.2.1.4 Staphytect test reagent: 
 This reagent was obtained from Oxoid Bosingstoke, Hampshire, 
England.  It was prepared as DR85 IM Staphytect plus test reagents 
(56 ml). Blue latex particles coated with both porcine fibrinogen and 
rabbit IgG together with specific polyclonal antibodies raised against 
capsular polysaccharide of Staphylococcus aureus. It was used for the 
differentiation of Staphylococcus aureus. 
2.2.1.5 Staphytect plus control reagent: 
  The reagent was obtained from Oxoid Bosingstoke. It was 
prepared as DR 852 M Staphytect plus control reagent (5.6 ml) blue 
unsenitised latex particles. 
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2.2.1.6 California milk test reagent: 
 An equal volume of California milk test reagent was added to 
the milk, it was used for examining the presence of gel reaction. 
2.2.1.7 API 20E reagents: 
 Individual reagents James – VP1 – VP2 and TDA were used, 
these reagents were obtained from Oxoid. 
2.2.1.8 Methyl red: 
 It was prepared by dissolving methyl red (0.04 g) in (40 ml) of 
ethanol. The volume was made to 100 ml with distilled water. It was 
used for methyl red test. 
2.2.1.9 Tetramethyl-p-phenylenediamine dihydrochloride: 
  This was prepared in a concentration of 3% aqueous solution 
and was used for oxidase test.  
2.2.1.10 Nitrate test reagent: 
 Nitrate test reagent was consist of two solution and they were 
prepared according to Barrow and Feltham (1993). Solution A was 
composed of 0.33% sulphanilic acid dissolved by gentle heating in 5 
N acetic acid. Solution B was composed of 0.6% dimethyleamine-
alpha-naphthylamine dissolved by gentle heating in 5 N-acetic acid. 
2.2.1.11 Kovac's reagent:  
         This reagent composed of 5 g para-dimethylaminobenzaldehyde, 
75 ml amyl alcohol and 25 ml concentrated hydrochloric acid. It was 
prepared as described by Barrow and Feltham (1993) by dissolving 
the aldehyde in the alcohol by heating in water bath. It was then 
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cooled and the acid was added. The reagent was stored at 4oC for later 
use in indole test. 
2.2.2 Indictors: 
2.2.2.1 Andrade's indicator: 
 It composed of 5 g acid fuchsin, 1 L distilled water and 150 ml 
N-NaOH. The acid fuchsin was dissolved in distilled water, then the 
alkali solution was added and mixed. The solution was allowed to 
stand at room temperature for 24 h with frequent shaking until the 
colour changed from red to brown. 
2.2.2.2 Bromothymol blue: 
 It was obtained from BDH. The solution was prepared by 
dissolving 0.2 g of the bromthymol blue powder in 100 ml distilled 
water. 
2.2.3 Phenol red: 
  It was obtained from Hopkins and William Ltd, London. It was 
prepared as 0.2% solution. 
2.3 Collection of blood for enriched media: 
 Blood for enriched media was collected aseptically into sterile 
flask containing glass beads by veinopuncture of jugular vein of 
healthy sheep kept for this purpose. The blood was defibrinated by 
shaking the flask containing glass beads. 
2.4 Preparation of media: 
2.4.1 Nutrient broth: 
 Thirteen grams of nutrient broth (CM1, Oxoid) were added to 
one litre of distilled water and mixed well. The medium was 
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distributed in 3 ml amount into clean test tubes, and sterilized by 
autoclaving at 121oC for 15 minutes. 
2.4.2 Peptone water: 
 Fifty grams of peptone water powder (Oxoid, CM9) were added 
to one litre of distilled water and mixed well. The medium was then 
distributed in 3 ml amount into clean test tube and sterilized by 
autoclaving at 121oC for 15 minutes. 
2.4.3 Peptone water sugars: 
 Peptone water sugars medium was prepared as described by 
Barrow and Feltham (1993). It contained 900 ml peptone water, 10 ml 
Andrade's indictor, 10 ml sugar solution and 90 ml distilled water. The 
pH of peptone water was adjusted to 7.1 – 7.3 before the addition of 
Andrade's indicator. The complete medium was mixed well, then 
distributed into portions of 5 ml into clean test tubes containing 
inverted Durham's tube and sterilized by autoclaving at 115oC (10 
lb/inch2) for 10 minutes. 
2.4.4 Nitrate broth: 
 The medium used was prepared as described by Barrow and 
Feltham (1993). One gram of potassium nitrate was dissolved in one 
litre of nutrient broth. The medium was distributed in 5 ml amount 
into test tubes and sterilized by autoclaving at 115oC for 20 minutes. 
2.4.5 Glucose-phosphate medium: (MR-VP test medium) 
 This medium was prepared according to Barrow and Feltham 
(1993). Five grams of peptone  and 5 g of phosphate buffer (K2HPO4) 
were added to one litre of distilled water, dissolved by steaming and 
filtered. The pH was adjusted to 7.5, then 5 grams of glucose were 
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added, mixed well and distributed into clean test tubes. The medium 
was sterilized by autoclaving at 115oC for 15 minutes. 
2.4.6 Nutrient agar: 
 To one litre of nutrient broth (Oxoid, CM1), 15 g of agar were 
added and dissolved by boiling. The medium was sterilized by 
autoclaving at 121oC for 15 minutes, then cooled to about 50oC and 
distributed in 15 ml amount per Petri plate. The poured plates were 
left to solidify at room temperature on leveled surface. 
2.4.7 Blood agar: 
   A blood agar base (Oxoid, CM55) was obtained from Oxoid. 
The blood agar base contained 14 g of tryptone, 4.5 g peptone, 4.5 g 
yeast extract, 5 g sodium chloride and 12.5 g agar. 
 Forty grams of blood agar base were suspended in 1 litre 
distilled water and brought to the boil to dissolve. The pH was 
adjusted to 7.3 ± 0.2 and sterilized by autoclaving at 121oC for 15 
minutes. Then cooled to about 50oC and defibrinated sheep blood was 
added aseptically to give final concentration 10%, and mixed gently. 
Fifteen ml of complete medium was poured into each sterile Petri 
dish. The poured plates were allowed to solidify at room temperature 
on flat surface.  
2.4.8 Diagnostic sensitivity test agar (CM261): 
 This medium was supplied by Oxoid. It contained of protease 
peptone, veal infusion solids, dextrose, sodium chloride, disodium 
phosphate, sodium acetate, adenine sulphate, guanine hydrochloride, 
uracil, xanthine and Ion agar No. 2. 
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 Forty grams of the medium were suspended in one litre of 
distilled water, then brought to boil to dissolve completely and 
sterilized by autoclaving at 121oC for 15 minutes. The sterilized 
medium was allowed to cool to 50oC and then dispended into sterile 
Petri-dish in portions of 15 ml each. The poured plates were left to 
solidify at room temperature on leveled surface. 
2.4.9 MaConkey agar: 
 Fifty two grams of MacConkey agar (CM115 Oxoid) which 
contains  20 g of peptone, 1o g lactose, 5 g bile salt, 5 g sodium 
chloride, 0.05 g netural red  and 12 g agar were suspended in one litre 
of distilled water, brought to boil to dissolve the ingredients 
completely. Then sterilized by autoclaving at 121oC for 15 minutes 
and poured into sterile Petri dishes in 15 ml amount. The poured 
plates were left to solidify at room temperature on flat surface.  
2.4.10 Mueller-Hinton broth (CM337): 
 The medium was purchased from Oxoid. It contains 2 g of meat 
infusion, 17.5 g casein hydrolysate  and 1.5 g starch. 
 Twenty one grams of the medium were suspended in 1 litre of 
distilled water. The pH was adjusted to 7.4 ± 0.2. The medium was 
then sterilized by autoclaving at 121oC for 15 minutes. 
2.4.11 Eosin Methylene blue agar (CM69): 
 The medium was purchased from Oxoid. It contains (10 g) 
peptic digest of animal tissue, (2 g) dipotassium phosphate, (10 g) 
lactose, (0.4 g) Eosin-y, (0.065 g) methyleneblue and (15 g) agar. 
 Eosin methylene blue agar (37.05 g) was suspended in one litre 
of distilled water, and brought to boil to dissolve the ingredients 
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completely. Then sterilized by autoclaving at 121oC for 15 minutes 
and poured into sterile Petri-dish in 15 ml amount. The poured plates 
were left to solidify at room temperature. 
2.4.12 Edwards aesculin medium (CM27): 
 It was obtained from Oxoid. It contained 10 g of lamb-lemco 
powder, 10 g peptone, 1 g aesculin, 5 g sodium chloride, 0.0013 g 
crystal violet, 0.33 g thallous sulphate and 15 g agar. 
 Forty one grams of Edwards aesculin medium were suspended 
in one litre of distilled water, and brought to the boil to dissolve the 
ingredients completely. Then sterilized by autoclaving at 115oC for 20 
minutes. The sterilized medium was cooled to 50oC and then sterile 
bovine or sheep blood was added to give concentration of 5-7% mixed 
well and poured into plates. The poured plates were left to solidify at 
room temperature on flat surface.  
2.4.13 Mueller-Hinton agar (CM337): 
 The medium was obtained from Oxoid. It contains 30 g of beef 
dehydrated infusion, 17.5 g casein hydrolysate, 1.5 g starch  and 17 g 
agar. 
 Thirty eight grams of Mueller-Hinton agar were suspended in 
one litre of distilled water, and brought to boil to dissolve the medium 
completely. The dissolved medium was sterilized by autoclaving at 
121oC for 15 minutes and poured into sterile Petri dishes. The poured 
plates were left to solidify at room temperature on flat surface.  
2.4.14 Motility medium-Cragie tube medium: 
 Thirteen grams of dehydrated nutrient broth (Oxoid) were 
added to 5 grams of Oxoid agar No. 1 and dissolved in one litre of 
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distilled water. The pH was adjusted to 7.4. This medium was 
dispensed in volumes of 5 ml into 20 ml test tubes containing the 
appropriate Cragie tubes, then the medium in the test tubes were 
sterilized by autoclaving at 121oC for 15 minutes. 
2.4.15 Hugh and Leifson's: (O/F) medium: 
 This medium was prepared as described by Barrow and Feltham 
(1993). Two grams of peptone powder, 5 g of sodium chloride, 0.3 g 
of potassium hypophosphate and 3 grams of agar were added to one 
litre of distilled water. Then heated in water bath at 55oC to dissolve 
the solids. The pH was adjusted to 7.1 and filtered. Then the indicator 
bromothymol blue (0.2% aqueous solution) was added and the 
mixture was sterilized at 115oC for 10 minutes. Filtered sterile glucose 
solution was added aseptically to give final concentration of 1%. Then 
the medium was mixed and distributed aseptically in 10 ml amount 
into sterile test tubes of not more than 16 mm diameter. 
2.4.16 Gelatin medium: 
 The medium was prepared according to Barrow and Feltham 
(1993) by soaking 4 g of gelatin in 50 ml of distilled water. When 
thoroughly softened it was added to 1000 ml of melted nutrient agar, 
and mixed. The medium was then distributed in 5 ml volumes into 
screw capped bottles and sterilized by autoclaving at 115oC (10 lb/sq-
inch) for 15 minutes. 
2.4.17 Casein agar: (Milk Agar) 
 It contained 500 ml of skim-milk and 500 ml of nutrient agar 
double strength. The skim-milk was sterilize by autoclaving at 115oC 
for 10 minutes, and cooled to about 50oC. Then added to double-
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strength sterilized nutrient agar which melted and cooled to 50oC. The 
complete medium was mixed and poured into Petri dishes. The poured 
plates were to solidify on leveled surface. 
2.5 Collection of samples: 
 A total of 175 milk samples were collected from mastitic cows 
of different ages in rainy season during January 2006 to March 2006. 
The samples were collected from Nadic Dairy Farm in Hurdh area in 
Saudi Arabia. Also a total of 52 milk samples were collected from 
mastitic cows of different ages in summary during June 2007. The 
samples were collected from University Farm, Kafori Farm, Faculty 
of Veterinary Clinic in Khartoum area. They collected from village 26 
in Omdurman area, Khartoum State. The cows were diagnosed 
mastitic by CM1 in Saudi Arabia and in Sudan by clinical 
examination. Labelled sterile tubes and fillout forms were prepared 
ahead of time. The sample were collected by experienced worker after 
washing hands with soap and water. The teats were washed with a 
sanitizing solution and dried by individual towels. One or two squirts 
of milk from each teat were discarded. The teats were dipped in 
germicidal teat dip and were allowed to be in contact for 30 seconds 
before wiping off the teat dip with an individual towel. The sterile 
tube was opened under the teat and hold at an angle so that foreign 
material do not fall into the opening and nothing was allowed to come 
in contact with opening of the tube. 
 One or two squirts of milk were collected from each quarter, 
staring with the closest quarters and working toward the ones furthest 
away. 
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 The tube was closed before removing it from beneath the teats. 
The collected samples were kept in an ice box until they were taken to 
the lab. All milk samples were collected before treatment. 
2.6 Culture of specimens: 
       The collected samples were inoculated onto blood agar, 
MacConkey agar, Edwards aesculin medium, Eosin methylne blue 
agar (EMB) and nutrient agar. 
 The inoculated plates were then incubated for 24 – 48 hours at 
37oC. After the incubation period the colonies characteristics were 
observed and smears were made from each type of colony, and 
examined by light microscope.  
2.7 Purification: 
 All bacteria isolated were purified by several subculturing from 
single well-separated colony on blood agar or nutrient agar plates. The 
purity was checked by examining Gram stained smear. The pure 
culture was then used for studying cultural and biochemical 
characteristics, and sensitivity of isolates to antibacterial agents. 
2.8 Microscopic examination: 
  Smears were made from each type of colony on primary culture 
and from purified colonies, fixed by heating and stained by Gram's 
method (Barrow and Feltham, 1993). Then examined micro-scopically 
under oil immersion lens. The smear was examined for cell 
morphology and staining reaction. 
2.9 Identification of bacteria: 
The purified isolates were identified according to the criteria 
described by Barrow and Feltham (1993). This included staining 
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reaction, and organism morphology, growth condition, the colonies 
characteristics on different media, haemolysis on blood agar, motility 
and biochemical characteristics.  
2.10 Biochemical methods: 
2.10.1 Catalase test: 
 The test was carried out as described by Barrow and Fetham 
(1993). A drop of 3% H2O2 was placed on clean slide and then a 
colony of test culture on nutrient agar was picked by glass rod and 
added to the drop of 3% H2O2. A positive reaction was indicated by 
production of air bubbles. 
2.10.2 Coagulase test: 
  The test was performed as described by Barrow and Feltham 
(1993). To 0.5 ml of 1:10 dilution of human plasma in saline, 0.1 ml 
of 18-24 hours old culture of the test organism was added. Then 
incubated at 37oC and examined after 6-24 hour for coagulation. 
Definite clot formation indicated positive result. 
 The test was also performed on slide by emulsifying growth 
from a typical staphylococcus colony in a drop of staphytect plus test 
reagent. Agglutination of the organisms within 5 seconds constituted a 
positive result (Mac Faddin, 1980). Staphytect plus control reagent 
was included as control.  
2.10.3 Oxidase test: 
 The method of Barrow and Feltham (1993) was used. Strip of 
filter paper was soaked in 1% solution of tetramethyl-p-phenylene-
diamine dihydrochloride and dried in hot air oven and then placed on 
glass slide by sterile forceps. A fresh young test culture on nutrient 
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agar was picked off with sterile glass rod and rubbed on the filter 
paper strip. If a purple color developed within 5-10 seconds, the 
reaction was considered positive.  
2.10.4 Oxidation fermentation (O/F) test: 
 The test was carried out as described by Barrow and Feltham 
(1993). The test organism was inoculated with straight wire into 
duplication of test tubes of Hugh and Leifeson's medium. To one of 
the test tube a layer of sterile melted soft paraffin oil was added to the 
medium to seal it from air. The inoculated tubes were incubated at 
37oC and examined daily for fourteen days. Yellow colour in open 
tube only indicated oxidation of glucose; yellow colour in both tubes 
showed fermentation reaction and blue or green colour in open tube 
and yellow colour in the sealed tube indicated production of alkali. 
2.10.5 Sugar fermentation test: 
 The test was carried out as described by Barrow and Feltham 
(1993). The peptone water sugar was inoculated with organism under 
the test, incubated at 37oC and then examined daily for several days. 
Acid production was indicated by appearance of reddish colour, while 
gas production was indicated by presence of empty space in the 
inverted Durham's tubes. 
2.10.6 Indole production test: 
 Indole production test was carried out as described by Barrow 
and Feltham (1993). The organism was inoculated into peptone water 
and incubated at 37oC for 48 hours. One milliliter of Kovac's reagent 
was run down along side of the test tube. Appearance of pink colour in 
the reagent layer within a minute indicated positive reaction. 
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2.10.7 Methyl red (MR) test: 
  Methyl red test was carried out as described by Barrow and 
Feltham (1993). The test organism was inoculated into glucose 
phosphate medium (MR-VP medium), then incubated at 37oC for 48 
hours. Two drops of methyl red reagent were added, shaken well and 
examined. Appearance of red colour indicated positive reaction, 
whereas orange or yellow colour indicated negative reaction. 
2.10.8 Voges-Proskauer (VP) test: 
 The test was performed as described by Barrow and Feltham 
(1993). The test culture was inoculated into glucose phosphate 
medium (MR-VP medium) and incubated at 37oC for 48 hours. Three 
milliliter of 5% alpha-naphthol solution and one milliliter of 40% 
potassium hydroxide were added. When bright pink colour developed 
within 30 minutes, the reaction was regarded as positive. 
2.10.9 Nitrate reduction: 
 The nitrate test was carried out as described by Barrow and 
Feltham (1993). The test culture was lightly inoculated into nitrate 
broth and incubated at 37oC for two days. Then 1 ml of solution A 
followed 1 ml of solution B of nitrate test reagents were added. Red 
colour indicated positive reaction that showed nitrate had been 
reduced. If red colour did not develop, powder zinc was added to see 
whether there was residual nitrate or not. Red colour development 
indicated that nitrate in medium had been reduced to nitrite by zinc 
but not by organism, whereas unchanged colour indicated nitrate in 
original medium had been reduced completely and nitrite was broken 
by the organism. 
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2.10.10 Gelatin liquefaction: 
 Nutrient gelatin was inoculated with test organism and 
incubated at 37oC for up to 14 days. Every 2-3 days, it was cooled in 
refrigerator for 2 hours and then examined for liquefaction. A control 
tube of uninoculated medium was set in parallel. 
2.10.11 Motility test: 
 The Craigie tube in semi-solid nutrient agar prepared as 
described by Cruickshand et al. (1975). Was inoculated by straight 
wire. A small piece of the colony of the bacterium under test was 
picked by the end of the straight wire and stabbed in the center of semi 
solid agar in the Craigiet tube and then incubated at 37oC overnight. 
The organism was considered motile if there was turbidity in the 
medium in/out side the Craigie tube. 
2.10.12 Digestion of casein: 
 Plate of casein agar was inoculated and at intervals incubated 
37oC and examined for up to14 days for clearing of medium around 
the bacterial growth. The clearing around the growth indicated 
digestion hydrolysis of casein. 
2.10.13 Growth anaerobically: 
 Supplemented media is an aid to identification. The basal 
medium is semi solid yeast extract agar to which the relevant 
compounds is added. Two or three stab inocula from 24 hours blood 
agar culture are made in the medium to about 1 cm below the surface. 
Inoculated anaerobically and examine periodically for up to 7 days for 
growth throughout the medium.  
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2.11 API 20E: 
 The API 20E system identified a high percentage of bacterial 
species within 24 hours without the need to determine additional 
physiologic characteristics (Bio Merieux, France). 
Procedure:  
 A bacterial suspension in 5 ml of sterile distilled water was 
prepared. The 20 cupules of the strip were inoculated with this 
suspension, and the 5 underlined test were overlaid with mineral oil, 
and incubated for 24 hours at 35oC. 
 Then reagents James, VP1, VP2 and TDA were added. The 
tests were read and identified with the help of the AP1 20E analytical 
profile index (# 2019). 
2.12 Measurement of cell counts: 
California mastitis test (CMT) 
 This is a simple test that is useful in detecting sub-clinical 
mastitis by crudely estimating the cell count of milk. 
Procedure: 
 The test was carried out into the following manner: Fore milk 
was discarded. One or to two squirts of milk from each quarter were 
drawn into paddle dish. The paddle was tilted so that most of this milk 
was discarded. An equal volume of reagent was added to the milk. 
The milk and reagent were then mixed and examined for the presence 
of gel reaction. The result was scored into five categories. This was 
determined according to the gel reaction and the highest cell count 
was where the mixture almost solidified. 
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2.13 Antibiotic sensitivity testing: 
 Laboratory antimicrobial sensitivity testing was performed on 
the identified isolates using the agar diffusion techniques. 
 The isolate was grown on Mueller-Hinton broth (5 ml) and 
incubated at 37oC for five hours until it achieved on exceeded 
turbidity. A sterile swab was dipped into the culture and the swab was 
rotated several times and firm pressed against the inside wall of the 
tube above the fluid level to remove excess inoculum. Mueller-Hinton 
agar plate was dried in incubator at 37oC for ½ hour. The swab was 
streaked over the entire agar surface, then impregnated antibiotic disks 
were placed on the surface of the inoculated agar plate by sterile 
forceps and pressed gently to ensure full contact with the surface of 
the agar. The plates were then incubated at 37oC for 24 hours and up 
to 48. Zone of no growth around disk indicated inhibition of growth of 
test organism by the antibiotic of that disk. 
 Other laboratory method was used in Sudan to determine the 
sensitivity of the isolates was determined by disc diffusion technique. 
The isolate was grown on peptone water and incubated at 37oC for 
two hours. About 2 ml of culture was poured on Petri dish containing 
diagnostic sensitivity test (DST) agar medium and the inoculum was 
evenly distributed by rotation. Excess inoculum was withdrawn by 
sterile Pasteur pipette. The plate was left to dry at room temperature 
for 15 minutes. Commercially prepared discs of plasmatic laboratory 
were placed on the surface of the medium by sterile forceps, and 
pressed gently to ensure full contact with the surface of the culture 
medium. The plates were then incubated at 37oC for 24 – 48 hours. 
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Zone of no growth around disc indicated inhibition of growth of test 
organism by the antibiotic of that disc.  
Interpretation of result: 
 The test organism was considered sensitive or resistant as 
follows: 
Sensitive (S): 
 When the diameter of growth inhibition zone was equal or more 
than 3 mm. 
Resistant (R): 
 When there was no zone of growth inhibition or the diameter of 
the growth inhibition zone was 2 mm or less.  
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CHAPTER THREE 
RESULTS 
 
3.1 Survey: 
 One hundred and seventy five milk samples were collected in 
Saudi Arabia from mastitic cows. Also fifty two milk samples were 
collected from infected cows from different farms in Sudan. 
 In this study, before milk samples were collected in Saudi 
Arabia for bacteriological examination, the lactating cows were first  
investigated by California Mastitis Test (CMT). One hundred and 
twenty five samples (71%) were found positive and out of these 
positive, fifty samples (29%) did not demonstrated any growth of 
bacteria.   
 In Sudan 52 cows were diagnosed as mastitis infected cases. 
Fifty sample (96.2%) out of 52 samples collected in Sudan showed 
bacterial growth and the rest two samples (3.8%) did not demonstrated 
any growth of bacteria but they showed yeast growth. 
3.2 Characterization and identification of isolates:  
 The bacterial isolates obtained in this investigation were 
identified on the basis of their cell morphology, Gram stain reaction, 
cultural characteristics and their biochemical properties as described 
by Barrow and Feltham (1993). 
3.3 Aerobic bacteria isolated from collected samples:  
3.3.1 Microorganism isolated from milk samples collected from 
mastitic cows in Saudi Arabia: 
 Aerobic culture of milk samples yielded different species of 
bacteria. In Saudi Arabia the total number of bacteria isolated was 
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125. Sixty seven (53.6%) were Gram negative and fifty eight (46.4%) 
were Gram positive. Sixteen (9.10%) were Gram positive Staphylo-
coccus aureus and forty two (33.6%) were Streptococcus spp. The 
identified Gram negative bacteria were sixty four (36.57%) E. coli and 
three (1.70%) were Klebsiella species as shown in Table 3.1. 
3.3.2 Gram-positive bacteria:  
3.3.2.1 Staphylococci aureus: 
 The number of Staphylococcus aureus species isolated in Saudi 
Arabia was sixteen (9.10%). The characters and biochemical 
properties Staphylococcus isolates are shown in Table 3.3. 
3.3.2.2 Streptococcus species:  
There were forty two (33.6%) isolates of Streptococcus species 
isolated in Saudi Arabia. Twenty two (12.6%) were Streptococcus 
agalactiae 11 (6.3%) were Streptococcus dysaflaction and nine 
isolates (5.1%) were Streptococcus uberis. The characters and 
biochemical properties of the isolates are shown in Table 3.3. 
3.3.3 Gram-negative bacteria: 
3.3.3.1 Klebsiella species: 
 The number of Klebsiella species isolated in S. Arabia were 
three (1.7%). Two of them were Klebsiella pneumoniae. They were 
Gram negative, aerobe and facultative anaerobe, medium, sized rods, 
and they were non-motile. On eosin methylene blue (EMB) colonies 
were colourless. It was catalase positive and coagulase negative 
(Table 3.3). 
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3.3.3.2 Escherichia coli:  
 The number of Escherichia coli isolated in S. Arabia was sixty 
four (36.6%). The characters and biochemical properties 
Staphylococcus isolates are shown in Table (3.3). On Eosin methlene 
blue (EMB) colonies were greenish metallic in colour (Fig. 2).  
 The Api20E: the test was used to confirm the identify of E. coli 
isolated in Saudi Arabia. Out of the 64 E. coli isolates from Saudi 
Arabia, 82.6, 11.5, 3.8 and 1.9% were confirmed >99%, 94-97%, 86-
90% and 60% to be E. coli respectively. 
3.3.3.3 Mixed bacterial infection:  
        Mixed bacterial infections were observed in two cases in S. 
Arabia (Table 3.1). Streptococcus was isolated together with 
Escherichia coli from two cases (0.57%).  
3.3.4 Microorganism isolated from milk samples collected from 
mastitic cows in Sudan  
 In Sudan a total of 72 microorganisms were obtained from 52 
mastitic milk samples, 70 (97.22%) were bacterial isolates and 2 
(2.8%) were yeast isolates (Table 3.2).  
 Of the isolated bacteria, 32 (45.7) were Gram-positive bacteria 
while 38 (54.3) were Gram-negative. According to the cellular 
morphology, cultural characteristics, and biochemical reactions (Table 
3.4, 3.5), the identified bacteria were as follows: 
3.3.4.1 Gram-positive bacteria:  
3.3.4.1.1 Staphylococci: 
 From the 52 mastitic milk samples cultured, 18 samples were 
positive for staphylococci. The staphylococci isolates 22 represented 
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(30.6%) out of 72 isolates obtained from mastitic milk samples. Two 
of staphylococci isolates (9.1%) were coagulase positive and 20 
(90.9%) were coagulase-negative. The identified staphylococci were: 
1. Coagulase-positive Staphylococcus aureus, 2 (9.1%). 
2. Coagulase-negative Novobiocin sensitive staphylococci were: 
Staphylococcus epidermidis, Staphylococcus chromogenes and 
Staphylococcus hyicus (Table 3.5a). 
3. Coagulase-negative Novobiocin resistant staphylococci were: 
Staphylococcus lentus, Staphylococci capitis and Staphylo-
coccus saprophytics (Table 3.5a). 
3.3.4.1.2 Bacillus species:  
 From the 52 mastitic milk samples cultured, samples were 
positive for Bacillus species. The bacillus isolates (10) represented  
13.9% out of 72 isolates obtained from mastitic milk samples. The 
identified Bacillus species were: 4 isolates (7.7%) Bacillus cereus, 3 
isolates (5.8%) Bacillus licheniformis, one isolates (1.9%) Bacillus 
coagulans, one isolate (1.9%) was Bacillus mycoides and one isolate 
(1.4%) Bacillus marcerans (Table 3.5b). 
3.3.4.2 Gram-negative bacteria:  
 From the 52 mastitic milk samples cultured, 38 (73.1%) 
samples yielded Gram-negative bacterial isolates. According to the 
cellular morphology, cultural characteristics, and biochemical 
reactions (Table 3.4), the identified Gram-negative bacteria were: 
3.3.4.2.1 Enterobacteria:  
 From the 52 mastitic milk samples collected in Sudan and 
cultured, 6 samples were positive for Escherichia coli growth. The 6 
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Escherichia coli isolates represented 18.5% isolation from mastitic 
milk samples. Twenty one milk samples were positive for Klebsiella 
and they represented 40.4% isolation from mastitic milk samples. 
Nineteen (36.5%) isolates were Klebsiella pneumoniae and two 
(3.8%) were Klebsiella oxytoca. Four samples were Proteus spp. The 
proteus isolates represented 7.7% total isolation (Table 3.2). 
3.3.4.2.2 Other Gram-negative:  
  Six samples gave actinobacillus growth. Actino-bacillus isolates 
represented (11.5%) of isolation mastitic milk samples of Sudan. 
These 6 (11.5%) isolates were Actinobacillus lignieresii. One sample 
(1.9%) Corynebacterium vaginale  (Table 3.2). 
3.3.4.3 In vitro antimicrobial sensitivities:  
 One hundred and twenty five bacterial isolates from Saudi 
Arabia examined for their sensitivity to antimicrobial agents in this 
study, 125 isolates (100%) were sensitive to gentamicin, 104 isolates 
(83.2%) were sensitive to tetracycline, 85 isolates (68%) were 
sensitive to erythromycin, 83 isolates (66.4%) were sensitive to 
cephaloxin (CN). Table 3.6a shows the sensitivity of bacteria isolates 
of S. Arabia to 7 different antimicrobial drugs examined.   
 In Sudan, out of 72 bacterial isolates examined for sensitivity to 
antimicrobial agent in this study, 67 isolates (93.1%) were sensitive to 
gentamicin, 56 isolates (77.8%) were sensitive to ciprofloxacin, 43 
isolates (59.7) were sensitive to co-trimoxazole, 38 isolates (97.4%) of 
Gram negative were sensitive to CH. Table (3.7b) shows the 
sensitivity of bacteria isolates of Sudan to 12 different antimicrobial 
drugs examined. 
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 Staphylococcus aureus isolates were sensitive to four antibiotics 
and they were resistant 8 antibiotics (Table 3.7b). 
 The twenty coagulase negative Staphylococci isolated in Sudan 
from mastitic milk samples were sensitive to four antibiotics 
(gentamycin, ciprofloxacin and ofloxacin) and were resistant  (100%) 
to pencillin G. The sensitivity to other antibiotics was variable as 
shown in Table (3.7b). 
 Nineteen isolates out of 38 Gram negative bacteria isolated in 
Sudan from mastitic milk samples were sensitive to three antibiotics 
(gentamycin, ampicillin and chlormphenicol), whereas the sensitivity 
to other antibiotics was variable (Table 3.8). 
 The ten isolates of Bacillus spp. isolated in Sudan from mastitic 
milk samples were sensitive to six antibiotics (gentamycin, 
cephalexin, trimoxazole, erythromycin, tetracycline and cipro-
floxacin). Whereas all the ten isolates (100%0 were resistant to 
pencillin. Whereas, the sensitivity of the Bacillus species to other 
antibiotics were variable (Table 3.7c). 
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Table 3.1: Bacteria species isolated from mastitic milk samples 
collected from mastitic cows in dairy farm in Saudi 
Arabia 
Bacteria species 
Number of 
samples 
examined 
Number of 
isolates 
Isolation rate  
(%) 
Staphylococcus aureus 175 16 9.1 
Escherichia coli 175 64 36.6 
Streptococcus agalactiae 175 22 12.6 
Streptococcus dysgalactiae 175 11 6.3 
Streptococcus uberis 175 9 5.1 
Klebsiella species 175 3 1.7 
Mixed infection 
Streptococcus species +  
Escherchia coli 
 
175 
 
2 
 
0.57 
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Table 3.2: Bacteria species isolated from milk samples collected 
from mastitic dairy cows in different farms in 
Khartoum North and Omdurman areas, Khartoum 
State. 
Antibiotic 
Number of 
samples 
examined 
Number of 
bacteria 
isolated 
Isolation rate 
(%) 
Staphylococcus aureus 52 2 3.8 
Staphylococcus epidermidis 52 4 7.7 
Staphylococcus lentus 52 4 7.7 
Staphylococcus chromogens 52 4 7.7 
Staphylococcus hyicus 52 1 1.9 
Staphylococcus saprophytics 52 5 9.6 
Staphylococcus capitis 52 2 3.8 
Escherichia coli 52 6 11.5 
Klebsiella pneumoniae 52 19 36.5 
Klebsiella oxytoca 52 2 3.8 
Proteus vulgaris 52 4 7.7 
Antinobacillus ligneresii 52 6 11.5 
Corynebacterium vaginale 52 1 1.9 
Bacillus cereus 52 4 7.7 
Bacillus mycoides 52 1 .19 
Bacillus coagulans 52 1 1.9 
Bacillus licheniformis 52 3 5.8 
Bacillus marcerans 52 1 1.9 
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Table 3.3: Properties of bacteria isolated from milk samples 
collected from mastitic cows in dairy farms in Saudi 
Arabia 
Character 
Escherichia  coli 
Staphylococcus 
aureus 
Streptococcus 
uberis 
Streptococcus 
agalactiae 
Streptococcus 
dysgalactiae 
K
lebsiella 
species 
Gram reaction - + + + + - 
Shape Rod Cocci Cocci chain 
Cocci 
chain 
Cocci 
chain Rod 
Motility - - - - - - 
Catalase + + - - - + 
Oxidase - - - - - - 
Nitrate + + ND ND ND + 
Urease  - + ND ND ND ND 
Coagulase ND + - - - - 
VP - + - - - - 
Lactose + + + + + + 
Glucose + + + + + + 
Sucrose + - + + + + 
Xylose + - ND ND ND ND 
Acid from: 
Api20E + ND ND ND ND ND  
  (-) = Negative  (+) = Positive   ND = Not done 
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Table 3.4: Properties of Gram-negative bacteria isolated from 
milk samples collected from mastitic dairy cows in 
different farm in Khartoum North and Omdurman 
areas, Khartoum State, Sudan. 
Character 
Escherichia coli 
K
lebsiella 
pneum
oniae 
K
lebsiella 
oxytoca 
Actinobacillus 
lignieresii 
Proteus vulgaris 
Bacillus 
m
acerans 
Gram reaction - - - - - - 
Shape Rod Rod Rod Rod Rod Rod 
Motility - - - - + + 
Catalase + + + + + + 
Oxidase - - - + - + 
OF F F F F F NF 
Gelatin - - - - + + 
H2S - - - + + - 
Citrate - + + ND + - 
Urease - + + + + - 
VP - - - - - + 
MR + + + ND + ND 
Indole + - + + + - 
Gas from glucose + + + + + + 
Lactose + + + + - ND 
Maltose + + + + + ND 
Mannitol + + + + - ND 
Adonitol - + + ND - ND 
Sucrose + + + + + ND 
Salicin + + + + + + 
Sorbitol + + + + + - 
Trehalose + + + + + + 
Raffinose + + + + - + 
Xylose + + + + - + 
Starch - + + + - + 
Acid from: 
Galactose ND ND ND ND ND + 
 
(-)  = Negative  F   = Fermentive 
(+) = Positive    NF=  None fermentive 
     ND= Not done 
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Table 3.5a: Properties of Gram-positive bacteria isolates from 
milk samples collected from mastitic dairy cows in 
different farms in Khartoum North and Omdurman 
areas, Khartoum State, Sudan. 
Character 
Staphylococcus 
aureus 
Staphylococcus 
epiderm
is 
Staphylococcus 
lentus 
Staphylococcus 
chrom
ogens 
Staphylococcus 
hycius 
Staphylococcus 
saprophytics 
Staphylococcus  
capitis 
Gram reaction + + + + + + + 
Shape Cocci Cocci Cocci Cocci Cocci Cocci Cocci 
Motility - - - - - - - 
Catalase + + + + + + + 
Oxidase - - - - - - - 
OF F F F F F F F 
VP + + - - - + + 
Coagulase + - - - - - - 
Nitrate + + + + - - + 
Urease + + - + + + - 
Novabiocin S S R S S R S 
Growth + + - + + + + 
Lactose + + + + + + - 
Maltose + + + + - + - 
Mannitol + - + - - + + 
Trehalose + - + + + + - 
Rafinose - - + - + - - 
Xylose - - - - - - - 
Glucose + + + + + + + 
Fractose + + + + + + + 
Acid from: 
 
 
 
 
 
 
 
  Sucrose + + + + + + + 
F = Fermentive  S   = Sensitive  (+) = Positive    
R = Resistance  ND= Not done (-) = Negative 
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Table 3.5b: Cont. 
Character Bacillus mycoides 
Bacillus 
cereus 
Bacillus 
coagulans 
Bacillus 
licheniformis 
Gram reaction + + + + 
Shape Rod Rod Rod Rod 
Motility - + + + 
Catalase + + + + 
Oxidase + + - - 
VP + + + - 
Nitrate + + + + 
OF - - - - 
Urease - + + + 
Citrate - - + + 
Casein hydrolysis + + + + 
Anaerobic growth + + + + 
Indole - - - - 
Salicin + + + + 
Rafinose - - + + 
Xylose - + - + 
Starch + + + - 
Glucose + + + + 
Acid from: 
Galactose + + + + 
(+) = Positive    (-) = Negative 
R = Rod    
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Table 3.6a: Antibiotic sensitivity of bacteria isolated from milk samples 
collected from mastitic dairy cows in Saudi Arabia at Haradh 
Farm. 
 
Isolates 
Sensitive Resistance Antibiotics 
Number of 
isolates 
examined Number (%) Number  (%) 
Tetracycline 125 104  83.2 21 16.8 
Gentamicin (GM) 125 125 100.0 0 0.0 
Erythromycin 125 85 68.0 40 32.0 
Cephaloxin (CN) 125 83 66.4 45 33.6 
Cefsulodin (CFs) 125 16 12.8 109 87.2 
Neomycin (N) 125 101 80.8 24 19.2 
Spectinomycin (SH) 125 76 60.8 49 39.2 
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Table 3.6b: Antibiotic sensitivity of Gram-positive and negative bacteria 
isolated from milk samples collected from mastitic dairy cows in 
Saudi Arabia at Haradh Farm. 
  
Antibiotic examined Isolates 
GEN ERY TET CN CFS N SH 
No. of isolates 16 16 16 16 16 16 16 
No. of isolates sensitive 16 10 13 12 0 5 2 
Sensitivity % 100 62.5 81.3 75 0 31.2 12.5
No. of isolates resistant 0 6 3 4 16 11 14 
Staphyl.  
aureus 
Resistance % 0 37.5 18.8 25 100 68.8 87.5
No. of isolates 64 64 64 64 64 64 64 
No. of isolates sensitive 64 42 54 40 0 64 58 
Sensitivity % 100 65.6 84.4 62.5 0 100 75 
No. of isolates resistant 0 22 10 24 64 0 16 
E. coli 
Resistance % 0 34.4 15.6 37.5 100 0 25 
No. of isolates 22 22 22 22 22 22 22 
No. of isolates sensitive 22 18 20 14 6 16 14 
Sensitivity % 100 81.8 90.9 63.6 27.3 72.7 63.6
No. of isolates resistant 0 4 2 8 16 6 8 
Strept. 
agalactiae 
Resistance % 0 18.2 9.1 36.4 72.7 27.3 36.4
No. of isolates 11 11 11 11 11 11 11 
No. of isolates sensitive 11 8 9 8 4 8 6 
Sensitivity % 100 72.7 81.8 72.7 36.4 72.7 54.5
No. of isolates resistant 0 3 2 3 7 3 5 
Strept. 
dysgalactiae 
Resistance % 0 27.3 18.2 27.3 63.6 27.3 45.5
No. of isolates 9 9 9 9 9 9 9 
No. of isolates sensitive 9 6 8 7 6 7 5 
Sensitivity % 100 66.7 88.9 77.8 66.78 77.8 55.6
No. of isolates resistant 0 3 1 2 3 2 4 
Strept. uberis 
Resistance % 0 33.3 11.1 22.2 33.3 22.2 44.4
No. of isolates 3 3 3 3 3 3 3 
No. of isolates sensitive 3 1 0 2 0 1 1 
Sensitivity % 100 33.3 0 66.7 0 33.3 33.3
No. of isolates resistant 0 2 3 1 3 2 2 
Klebsiella 
pneumoniae 
Resistance % 0 66.7 100 33.3 100 66.7 66.7
 
Gen = Gentamicin CN = Cephaloxin 
Ery  = Erythromycin CFS= Cefsulodin 
Tet  = Tetracycline N    = Neomycin 
  SH  = Spectinomycin 
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Table 3.7a: Antibiotic sensitivity of bacteria isolated from milk samples 
collected from mastitic dairy cows in different farms in 
Khartoum North and Omdurman areas, Khartoum State, 
Sudan.  
 
Isolate 
Sensitive Resistant Antibiotic 
Number of 
isolates 
examined Number % Number % 
Ampicillin 72 24 33.3 48 66.7 
Cephalexine 72 26 36.1 46 63.9 
Ciprofloxacin 72 56 77.8 16 22.2 
Co-trimoxazole 72 43 59.7 29 40.3 
Erythomicin 34 6 17.6 28 82.4 
Gentamicin 72 67 93.1 5 6.9 
Offloxacin 72 41 56.9 31 43.1 
Clindamycin 34 5 14.7 27 85.3 
Pencillin 72 0 0.0 72 100.0 
Cloxacillin 34 12 35.3 22 64.7 
Teteracycline 72 34 47.2 38 52.8 
Pefloxacin 72 33 45.8 34.9 54.2 
Chloramphenicol * 38 37 97.4 1 2.6 
Amikacin 38 8 21.1 30 78.9 
 
*  Chloramphenicol and Amikacin antibacterial effectiveness were only 
examined against Gram-negative bacterial isolates 
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Table 3.7b: Antibiotic sensitivity of Gram-positive bacteria isolated from milk samples collected from mastitic cows in different 
dairy farms in Khartoum North and Omdurman areas, Khartoum State 
Antibiotic examined Isolates 
AMP GEN CFX CIP OFF PEN Ery  CLX TET PF SXT CNC 
No. of isolates  2 2 2 2 2 2 2  2 2 2 2 2 
No. of isolates sensitive 2 2 1 1 2 0 0 2 1 1 0 1 
Sensitivity % 100 100 50 50 100 0 0 100 50 50 0 50 
No. of isolates resistant 0 0 1 1 0 2 2 0 1 1 2 1 
Staphylococcus 
aureus 
Resistance % 0 0 50 50 0 100 100 0 50 50 100 50 
No. of isolates  4 4 4 4 4 4 4 4 4 4 4 4 
No. of isolates sensitive 1 3 1 4 3 0 2 4 3 34 4 0 
Sensitivity % 25 75 25 100 75 0 50 100 75 75 100 0 
No. of isolate resistant 3 1 3 01 1 4 2 0 1 1 0 4 
Staphylococcus 
epidermidis  
Resistance % 75 25 75 0 25 100 50 0 25 25 0 100 
No. of isolates  4 4 4 4 4 4 4 4 4 4 4 4 
No. of isolates sensitive 3 4 2 3 1 0 1 2 3 3 3 0 
Sensitivity % 75 100 50 75 25 0 25 50 75 75 75 0 
No. of isolates resistant 1 0 2 1 2 4 3 2 1 1 1 4 
Staphylococcus 
chromogenes 
Resistance % 25 0 50 25 50 100 75 50 25 25 25 100 
No. of isolates  5 5 5 5 5 5 5 5 5 5 5 5 
No. of isolates sensitive 5 5 3 4 3 0 2 0 2 0 2 2 
Sensitivity % 100 100 60 80 60 0 40 0 40 0 40 4 
No. of isolates resistant 0 0 2 1 2 5 3 5 3 5 3 3 
 
 
Staphylococcus 
saprophytics 
Resistance % 0 0 40 20 40 100 60 100 60 100 60 60 
 
AMP= Ampicillin 25 ug Gen = Gentamicin 10 ug PEN = Penicillin 1 I.U. 
CFX = Cephalexine 10 ug Ery  = Erythromycin 5 ug CLX = Cloxacillin 5 ug 
CIP  = Ciprofloxacin 10 ug OF   = Ofloxacin 5 ug TET = Tetracycline 10 ug 
SXT = Co-trimoxazole 20 ug CNC= Clindamycin 2 ug PF    = Pefloxacin 10 ug 
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Table 3.7c: Contd. 
Antibiotic examined Isolates 
AMP GEN CFX CIP OFF PEN Ery  CLX TET PF SXT CNC 
No. of isolates 2 2 2 2 2 2 2 2 2 2 2 2 
No. of isolates sensitive 2 2 0 1 1 0 1 2 2 0 1 1 
Sensitivity % 100 100 0 50 50 0 50 100 100 0 50 50 
No. of isolates resistant 0 0 2 1 1 2 1 0 0 2 1 1 
Staphylococcus 
capits  
Resistance % 0 0 100 50 50 100 50 0 0 100 50 50 
No. of isolates  4 4 4 4 4 4 4 4 4 4 4 4 
No. of isolates sensitive 4 4 0 2 3 0 0 2 3 2 3 1 
Sensitivity % 100 100 0 50 75 0 0 50 75 50 75 25 
No. of isolates resistant 0 0 4 2 1 4 4 2 1 2 1 3 
Staphylococcus 
lentus 
Resistance % 0 0 100 50 25 100 100 50 25 50 25 75 
No. of isolates   1 1 1 1 1 1 1 1 1 1 1 1 
No. of isolates sensitive 1 1 0 1 1 0 0 1 1 1 0 0 
Sensitivity % 100 100 0 100 100 0 0 100 100 100 0 0 
No. of isolates resistant 0 0 1 0 1 1 1 0 0 0 1 1 
Staphylococcus 
hyicus 
Resistance % 0 0 100 0 100 100 100 0 0 0 100 100 
No. of isolates   10 10 10 10 10 10 10 10 10 10 10 10 
No. of isolates sensitive 6 8 5 6 7 0 10 7 10 6 4 9 
Sensitivity % 60 80 50 60 70 0 100 70 100 60 40 90 
No. of isolates resistant 4 2 5 4 3 10 0 3 0 4 6 1 
Bacillus spp. 
Resistance % 40 20 50 40 30 100 0 30 0 40 60 10 
 
AMP= Ampicillin 25 ug Gen = Gentamicin 10 ug PEN = Penicillin 1 I.U. 
CFX = Cephalexine 10 ug Ery  = Erythromycin 5 ug CLX = Cloxacillin 5 ug 
CIP  = Ciprofloxacin 10 ug OF   = Ofloxacin 5 ug TET = Tetracycline 10 ug 
SXT = Co-trimoxazole 20 ug CNC= Clindamycin 2 ug PF    = Pefloxacin 10 ug 
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Table 3.8a: Antibiotic sensitivity of Gram-negative bacteria isolated from milk samples collected from mastitic cows in different 
dairy farms in Khartoum North and Omdurman areas, Khartoum State 
Antibiotic examined Isolates 
AMP GEN CIP OF PEN Ch CF TET PF SXT AN 
No. of isolates 6 6 6 6 6 6 6 6 6 6 6 
No. of isolates sensitive 0 6 6 4 0 0 5 6 4 6 5 
Sensitivity % 0 100 100 66.7 0 0 83.3 100 66.7 100 83.3 
No. of isolates resistant 6 0 0 2 6 6 1 0 2 0 1 
Escherichia 
coli 
Resistance % 100 0 0 33.3 100 100 16.7 0 33.3 0 16.7 
No. of isolates  21 21 21 21 21 21 21 21 21 21 21 
No. of isolates sensitive 0 21 17 10 0 2`1 4 0 8 19 0 
Sensitivity % 0 100 81 47.6 0 100 19.04 0 38.1 90.5 0 
No. of isolates resistant 21 0 4 11 21 0 17 21 13 2 21 
Klebsiella spp.  
Resistance % 100 0 19.04 52.4 100 0 81 100 61.9 9.5 100 
No. of isolates  4 4 4 4 4 4 4 4 4 4 4 
No. of isolates sensitive 0 4 4 1 0 3 0 0 2 1 0 
Sensitivity % 0 100 100 25 0 75 0 0 50 25 0 
No. of isolates resistant 4 0 0 3 4 1 4 4 2 3 4 
Proteus spp. 
Resistance % 100 0 0 75 100 25 100 100 50 75 100 
 
AMP= Ampicillin 25 ug Gen = Gentamicin 10 ug PEN = Penicillin 1 I.U. 
CFX = Cephalexine 10 ug CH  = Chloramphenicol AN  = Amikacin 
CIP  = Ciprofloxacin 10 ug OF   = Ofloxacin 5 ug TET = Tetracycline 10 ug 
SXT = Co-trimoxazole 20 ug PF    = Pefloxacin 10 ug   
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Table 3.8b: Cont. 
Antibiotic examined Isolates 
AMP GEN CIP OF PEN Ch CF TET PF SXT AN 
No. of isolates 6 6 6 6 6 6 6 6 6 6 6 
No. of isolates sensitive 0 6 6 5 0 6 4 3 2 4 3 
Sensitivity % 0 100 100 83.3 0 100 66.7 50 33.3 66.7 50 
No. of isolates resistant 6 0 0 1 6 0 2 3 4 2 3 
Actinobacillus 
ligneresii 
Resistance % 100 0 0 16.7 100 0 33.3 50 66.7 33.3 50 
No. of isolates  1 1 1 1 1 1 1 1 1 1 1 
No. of isolates sensitive 0 1 1 0 0 1 0 0 1 1 0 
Sensitivity % 0 100 100 0 0 100 0 0 100 100 0 
No. of isolate resistant 1 0 0 1 1 0 1 1 0 0 1 
Corynebacterium 
vaginale 
Resistance % 100 0 0 100 100 0 100 100 0 0 100 
 
AMP= Ampicillin 25 ug Gen = Gentamicin 10 ug PEN = Penicillin 1 I.U. 
CFX = Cephalexine 10 ug CH  = Chloramphenicol AN  = Amikacin 
CIP  = Ciprofloxacin 10 ug OF   = Ofloxacin 5 ug TET = Tetracycline 10 ug 
SXT = Co-trimoxazole 20 ug PF    = Pefloxacin 10 ug   
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Fig. (2): Growth of Escherichia coli isolated from milk samples of mastitic 
animal on Eosin methlene blue (E.M.B) agar showed greenish metallic 
colonies 
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Fig. (3): Antibiotic sensitivity of Staph. Aureus isolated from mastitic milk sample, 
showing large zone of inhibition around gentamicin disk, median zone of 
inhibition around ciprofloxacin and no zone of inhibition around pencillin. 
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CHAPTER FOUR 
DISCUSSION 
 
 Mastitis is a complex disease with many aspects of cow 
management. Bovine mastitis is the most costly infectious disease in 
animal production. The microorganisms that invade the udder, 
multiply and cause bovine mastitis include the coliform bacteria such 
as Escherichia coli and Klebsiella spp. Also staphylococci, 
streptococci and bacillus are pathogens most commonly isolated from 
infected udder. 
 In this study, milk samples from lactating cows in Saudi Arabia 
were investigated by California Mastitis Test (CMT). One hundred 
and twenty five samples (71%) were found positive by the test and out 
of these fifty samples (29%) were negative for growth of bacteria. 
These cases might be due to viral, fungal mycoplasmal or anaerobic 
bacterial infection.  
 The most common organism isolated in this study in Saudi 
Arabia was Escherichia coli which accounted for 51.2% of the 
isolation. Escherichia coli is the most common bacterial infections in 
rainy season (Mitenburg, 1996). In the present study, the samples of 
Saudi Arabia were collected during rainy season, January – March 
2006 and bedding was used for housing dairy cows. Green (1996) 
mentioned that, the contaminated saw dust and shaving give best 
environment for coliform mastitis and promotes the growth of 
coliform bacteria, especially Klebsiella spp. He also reported that the 
relationship between the bedding populations of enterobacteriaceae 
was studied over 12 month period in a dairy herd and the analyses 
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revealed that rainfall, bedding populations of E. coli and coliform 
mastitis incidence were statistically independent, while there was 
strong association between rainfall and Klebsiella spp. bedding 
populations and the incidence of Klebsiella pneumoniae.  
 In the present study Gram-positive isolates were identified to 
species level. It was found that Staphylococcus aureus represented 
12.8% of the mastitis isolates obtained in this investigation. This 
finding agrees with those observed by Roberson (1991). Staphylo-
coccus aureus infection of udder has worldwide distribution. 
Radostitis et al. (2000) mentioned that Staphylococcus aureus is the 
first microorganism, which causes infection in bovine mastitis, it was 
responsible for 40-50% of bovine mastitis also in S. aureus mastitis 
somatic cell elevated to more than 900,000 cells/ml. 
 Forty two (33.6%) out of 125 bacteria isolated from 175 bovine 
mastitic milk samples in Saudi Arabia were Streptococcus spp., 
twenty two (12.5%) were Streptococcus agalactiae, eleven (6.29%) 
Streptococcus dysgalactiae and 9 (5.14%) Streptococcus uberis. 
Keefe (1997) reported that Streptococcus agalactiae was a major 
cause of mastitis and still is a significant cause of chronic mastitis 
where control procedures for contagious mastitis are not used. 
Streptococcus agalactiae infections may produce counts of up 
to12,000,000 per ml in infected quarters and the count correlates well 
to the level of the infection. Streptococcus uberis and Streptococcus 
dysgalactiae are the most commonly isolated environmental 
streptococci from intra-mammary infections. Streptococcus uberis has 
been the most common species of environmental streptococcus 
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associated with bovine mastitis, followed by Streptococcus 
dysgalactiae (Williams and Colins, 1990).  
 In Saudi Arabia two of mastitis cases showed the presence of 
mixed bacterial infections. Escherichia coli was isolated from 2 
(1.6%) cases mixed with Streptococcus spp. However, the results of 
this study showed that the most common organisms associated with 
mastitis in Saudi Arabia were Escherichia coli (51%), Streptococcus 
species (33%), Staphylococcus aureus (12.8%) and Klebsiella species 
(2.4%). 
 In this study, 52 bovine mastitic milk samples were collected 
from different farms in Sudan. A total of 72 microorganisms were 
obtained from 52 lactating cows, 70 (97.22%) were bacterial isolates 
and 2 (2.8%) were yeast. Of these isolates 18 samples were positive 
for Staphylococci. The staphylococcal isolates represented 30.5% out 
of 72 isolates obtained from mastitic milk samples and two of isolates 
were coagulase-positive Staphylococcus aureus (9.09%). Radostitis   
et al. (2000) found that Staphylococcus aureus was responsible for 
50% of subclinical cases of bovine mastitis and over 40% subclinical 
cases of bovine mastitis were caused by coagulase-negative 
staphylococci. 
 Coagulase-negative novobiocin sensitive staphylococci isolated 
in Sudan were Staphylococcus epidermidis (18.2%), Staphylococcus 
chromogene (18.2%) and Staphylococcus hyicus (4.5%). Aarestrup 
(1997) found that up to 90% of heifer quarters were infected before 
parturition and 70% were infected with coagulase-negative staphylo-
cocci. Jarp (1991) stated that these bacteria are capable of causing 
microscopic lesions, and in some cases significantly increased somatic 
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cell counts in the milk, they are not nearly as pathogenic as hemolytic 
coagulase positives staphylococci.  
 Coagulase-negative novobiocin resistant staphylococci isolated 
from mastitic milk samples in Sudan were Staphylococcus lentus 
(18.2%) Staphylococcus capitis (9.9%) and Staphylococcus 
saprophyticus (22.7). In this study coagulase-negative staphylococci 
were isolated from bovine mastitis samples and they constituted 20 
(90.9%) out of 72 micro-organisms isolated. 
 Out of 52 samples of Sudan, 6 samples were positive for 
Bacillus spp. The bacillus isolates represented 13.9% out of 72 
isolates obtained from 52 mastitic milk samples. The identified 
Bacillus species were 4 isolates (5.5%) Bacillus cereus, 3 isolates 
(4.2%) Bacillus licheniformis. 2 (1.4%) Bacillus coagulans, 2 (1.4%) 
Bacillus mycoides and 2 (1.4%) Bacillus manerans. Gedeky (1986) 
stated that Bacillus cereus is saprophytic organism that causes an 
acute hemorrhagic mastitis in cattle and bacillus cases are often 
associated with contamination associated with teat injuries, and the 
infection is thought to occur during the dry period following the use of 
dry cow therapy preparations which may have been contaminated with 
the organism. 
 In the present study Gram-negative isolates in Sudan were 
identified to species level. It was found that Klebsiella spp. was the 
most frequently isolates organism and counted for 21 (29.1%) out of 
72 organisms isolated while Escherichia coli counted for 5 (6.9%) out 
of 72 isolates obtained from mastitic milk samples. This agrees with 
Mohamed (2005) and Ahamed (2006) who isolated Klebsiella spp. 
and E. coli from milk samples collected from mastitic cow. Also 
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Elgadasi (2003) isolated Klebsiella spp, but he isolated E. coli only 
from milk sample after treatment. The high isolation frequency of     
E. coli from milk collected from mastitic cows in Saudi Arabia (51%) 
and low isolation in Sudan (6.9%) and isolation of E. coli only 3-7 
days after treatment (Elgadasi, 2003) may indicates that E. coli is 
opportunistic pathogens which become dominant causative agent of 
mastitis when other bacterial pathogens are controlled. Other Gram 
negative bacteria found in this study in Sudan included Proteus spp. 
which represented 5.6% out of 72 isolates, 6 (8.3%) Actinobacillus 
spp. and 1 (1.4%) Corynebacterium vaginale and these can cause 
severe mastitis which is usually sporadic and usually affects only one 
cow or a few cows in herd (Rhadostits, 2000). 
 The isolation of Gram-positive and Gram-negative bacteria 
from milk samples collected from mastitic cow in Sudan, agree with 
previous investigations which reported the isolation of Staphylococcus 
spp., Streptococcus spp., Bacillus spp., E. coli, Klebsiella 
pneumonuiae, Pseudomonas spp., Proteus spp., Actinobacillus spp. 
and other Gram-positive and Gram-negative species (Elgadasi, 2003; 
Mohamed, 2005; Ahamed, 2006).  
 As mastitis may be caused by bacterial, fungal, viral and yeast 
infection, in this study from 52 mastitic milk sample, two samples 
(3.85%) did not demonstrate any growth of bacteria they showed yeast 
growth. Previous study of Rahman (1983) revealed that, Cryptococcus 
neoformans caused acute mastitis in cattle. However, Elgadasi (2003) 
reported that 24.4% of milk samples collected from mastitic cows did 
not demonstrate growth of bacteria. 
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 The results of antibiotic sensitivity testing in this study in Saudi 
Arabia showed response variations of the different isolates to different 
antibiotic. It was found that the isolates were highly sensitive to 
gentamicin (85.14%), tetracycline (78.28%) and erythromycin (64%) 
while only 68 isolates (38.35%) were sensitive to cefsulodin. 
 From these Saudi Arabia results gentamicin can be considered 
the drug of choice for treatment of mastitis infection, as most of 
isolated bacterial species (Escherichia coli) were sensitive to it. 
Tetracycline is the second drug of choice as many of the isolated 
bacteria (78.28%) were sensitive to it. 
 The 70 bacterial isolates of the Sudan were examined for 
susceptibility to12 antibacterial agents. The results showed response 
variations of the different isolates to different antibiotic. It was found 
that the isolates were highly sensitive to gentamicin (93.1%), 
ciprofloxacin (77.8%) and co-trimoxazole (59.7%), while the the 
Gram-negative isolates were highly sensitive to chloramphenicol 
(97.4%). 
 From the sensitivity testing results in Sudan, gentamicin can be 
considered the drug of choice for treatment of mastitis in Khartoum 
State as most of isolated bacteria (93.1%) were sensitive to it. 
Ciprofloxin is second drug of choice as 77.8% of isolates were 
sensitive to it.  
In Saudi Arabia two bacterial species (S. aureus, E. coli) 
showed complete resistance (100%) to one antibiotic, whereas one 
species (Klebsiella pneumoniae) showed complete resistance (100%) 
to two antibiotics (Table 6b). In Sudan one bacterial species (Bacillus 
species) showed complete resistance (100%) was noticed for                
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2 antibiotics (3 species) 3 antibiotics (5 species), 4 antibiotics             
(1 species), 5 antibiotics (1 species), and 6 antibiotics (2 species) 
(Tables 3.7b, c, 3.8a). 
The high antibiotics resistance of Sudan isolates when 
compared with antibiotics resistance of Saudi Arabia isolates, might 
be due to wide misuse and overuse of antibiotic by unqualified 
personals for treatment bacterial infection in Sudan. 
Through the process of mutation and selection by misuse and 
overuse of antibiotic, some bacteria inherited multidrugs resistance 
(Schlegel, 1995). This may be one of the factors contributed to drug 
resistances observed in bacteria isolated in Sudan.    
 Schroeder (1997) explained careless treatment procedures can 
result in udder infections resistant to treatment. 
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CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions: 
1. From bacteriological examinations of infected milk samples 
collected from eastern region of Saudi Arabia during this 
investigation it could be concluded that 71% of mastitis was 
caused by bacterial infection and Escherichia coli was the most 
frequent mastitis pathogen in this area followed by Streptococci 
spp. and Staphylo-coccus aureus. 
2. Gentamicin and tetracycline are the drugs of choice as almost 
all of the isolated bacteria sensitive to them in Saudi Arabia. 
3. In Khartoum State can be concluded that mastitis was mainly 
caused by bacterial infection namely Staphylococcus spp., 
Bacillus spp., Klebsiella spp. Escherichia coli, and other 
enterobacteria. 
4. In Khartoum State, gentamycin, cephalexin, ampicillin and 
ciprofloxacin are the drugs of choice in treating cases of 
staphylococcal and Gram-positive bacillus infection whereas 
chlormophenicol, gentamicin and ampicillin are the drugs of 
choice in treating Gram-negative bacterial infection.  
5. The proper isolation and identification of the causative agents 
are still one of the most efficient procedure for diagnosis the 
disease and for proper antibiotic therapy in order to avoid 
antibiotic resistant hazards. 
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Recommendations: 
1. As mastitis may be caused by bacterial, fungal and virus 
infection, it is recommended to perform bacteriological 
culturing of infected milk samples to distinguished between the 
bacterial infection and other type of infections. 
2. Before treatment it is also, recommended to carry out sensitivity 
test because this test will help to choice the best antibiotic for 
treatment bacterial infection of the udder and detect resistant 
isolates and eliminate them with suitable antibiotic. 
3. In order to minimize the incidences of the disease special 
attention should be directed to the milking machine as well as 
the diary cows.  
4. Post milking teat dipping with a germicidal dip is 
recommended. 
5. Proper hygiene will reduce the risk of environmental mastitis. 
6. Eliminate existing infection by treating all cows at dry off and 
culling chronic cows. 
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